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INTRODUCTION 


BACKGROUND 

The  U.S.  Army  Corps  of  Engineers  has  been  given  regulatory  authority 
over  construction  activities  in  the  wetlands  of  the  United  States.  Enabling 
legislation  is  both  longstanding  and  extensive. 

Section  10  of  the  River  and  Harbor  Act  of  1899  requires  the  Corps  to 
administer  a  permit  program  over  a  broad  range  of  construction  activities  in 
or  affecting  navigable  waters  of  the  United  States.  More  recently.  Section 
404  of  the  Clean  Water  Act  of  1977  (formerly  known  as  the  Federal  Water  Pol¬ 
lution  Control  Act)  gave  the  Corps  the  authority  to  regulate  the  disposal  of 
dredge  and  fill  activities  within  the  navigable  waters  of  the  United  States. 
With  regard  to  wetlands.  Corps  regulations  provide  that:  "Unless  the  public 
interest  requires  otherwise,  no  permit  shall  be  granted  for  work  in  wetlands 
identified  as  important  unless  the  District  Engineer  concludes  that  the  ben¬ 
efits  of  the  proposed  alteration  outweigh  the  damage  to  the  wetlands  re¬ 
source  and  the  proposed  alteration  is  necessary  to  realize  those  benefits". 

Executive  Order  11990  also  pertains  to  the  protection  of  wetlands  and 
provides  the  following  brief  definition  of  wetlands. 

The  term  "wetlands"  means  those  areas  that  are  inundated  by  sur¬ 
face  or  groundwater  with  a  frequency  sufficient  to  support  and  un¬ 
der  normal  circumstances  does  or  would  support  a  prevalence  of 
vegetative  or  aquatic  life  that  requires  saturated  or  seasonally 
saturated  soil  conditions  for  growth  and  reproduction.  Wetlands 
generally  include  swamps,  marshes,  bogs,  and  similar  areas  such  as 
sloughs,  potholes,  wet  meadows,  river  overflows,  mud  flats,  and 
natural  ponds. 

As  a  result  of  these  acts  and  mandates.  Corps  personnel  in  all  Dis¬ 
tricts  must  review  permit  applications  that  are  submitted  by  public  and  pri¬ 
vate  entities,* and  then  decide  to  grant  or  reject  a  permit  for  the  altera¬ 
tion  of  wetlands.  An  important  part  of  the  decision  process  rests  on  the 
ecological  and  environmental  impacts  of  construction  to  the  wetland.  Ac¬ 
cordingly,  it  is  necessary  that  wetland  functions  and  the  values  of  these 
functions  be  understood  so  that  Corps  personnel  can  intelligently  assess  the 
value  of  various  wetlands  in  performing  various  functions. 

The  task  is  complicated  by  societal  and  scientific  views  concerning 
wetlands.  Initially,  wetlands  were  considered  useless  areas  whose  natural 
fate  was  reclamation.  Subsequently,  ecologists  and  scientists  identified  a 
number  of  important  functions  that  wetlands  perform  in  our  ecosystem.  It 
was  discovered  that,  in  many*cases,  wetland  destruction  not  only  was  ecolo¬ 
gically  disastrous,  but  in  many  circumstances  could  prove  economically  dis¬ 
astrous.  But  some  of  the  claims  made  for  wetlands  have  not  been  substanti¬ 
ated.  Indeed,  Boelter  and  Verry,  relating  to  popular  conceptions  concerning 
wetlands,  refer  to  a  "wetland  folklore". 


PURPOSE 


The  purpose  of  this  study  was  to  investigate  four  functions  attributed 
to  wetlands,  including: 

•  Water  Quality  Improvement; 

•  Groundwater  Recharge; 

•  Storm  and  Flood  Water  Storage;  and 

•  Shoreline  Protection. 

The  investigation  focused  on  identifying  determinant  factors  and  criteria 
that  could  be  used  to  develop  procedures  and  metnooo i ogi es  to  assist  Corps 
personnel  in  assessing  the  value  of  general  wetland  types  and  of  specific 
wetlands  in  performing  the  functions  indicated. 

As  a  result  of  the  investigation,  a  detailed  research  program  was  de¬ 
veloped  for  the  functional  areas.  These  programs  are  designed  to  provide 
data  required  to  develop  accurate  predictive  models  that  can  be  used  in  per¬ 
mitting  activity  by  the  Corps. 

SCOPE  ^ 

The  report  addresses  all  wetlands  under  the  jurisdiction  of  the /Corps. 
It  represents  the  current  state-of-the-art  and  is  meant  to  complement  and 
extend  information  presented  in  the  Institute  for  Water  Resources  report, 
"Wetland  Values:  Concepts  and  Methods  for  Wetlands  Evaluation".  The  as¬ 
sessment  of  the  four  functional  areas  presented  in  this  report  was  based  on 
available  data;  it  did  not  use  original  sampling  or  testing.  Where  guidance 
is  overly  general  or  seems  lacking,  it  is  a  reflection  of  the  limited  and 
often  conflicting  data  reported  in  the  literature  so  far.  This  was  particu¬ 
larly  a  problem  in  the  areas  of  water  quality  improvement  and  groundwater 
recharge,  although  the  data  base  for  all  four  functional  areas  was  not  suf¬ 
ficient  to  allow  development  of  detailed,  quantifiable  evaluation  proce¬ 
dures. 

ORGANIZATION  AND  USE 

The  report  is  organized  by  the  four  functional  areas,  with  each  area 
comprising  a  chapter.  Within  each  chapter  a  discussion  of  the  literature  is 
presented,  general  conclusions  are  identified,  and  criteria  that  influence 
the  ability  of  a  wetland  type  to  perform  the  function  are  delineated.  To 
the  extent  possible,  specific  procedures  are  then  outlined  that  allow  the 
application  of  these  criteria  to  specific  sites.  Finally,  a  research  pro¬ 
gram  is  outlined.  The  degree  of  detail  and  the  approaches  developed  for 
each  of  the  four  functions  were  determined  by  the  extent  of  data  available. 
Consequently,  each  function  utilizes  a  unique  approach. 

The  classification  system  being  developed  by  the  Fish  and  Wildlife  Ser¬ 
vice  for  the  Nationwide  Wetlands  Inventory  was  used  as  a  framework  for  the 


discussion.  For  this  application  only  the  first  order  of  classification, 
the  system,  was  utilized.  The  system,  as  defined  by  the  FWLS,  includes  both 
wetland  and  deep-water  habitats.  For  the  purpose  of  this  report,  the  dis¬ 
cussion  focuses  on  associated  wetlands.  Thus,  the  classification  employed 
in  this  manual  included: 

Marine  -  Wetland  areas  exposed  to  the  open  ocean,  with  water  re¬ 
gimes  determined  by  ebb  and  flow  of  oceanic  tides;  salinity  ex¬ 
ceeding  30  percent. 

The  Marine  System  extends  from  the  outer  edge  of  the  contin¬ 
ental  shelf  to:  1)  the  landward  limit  of  tidal  inundation  (ex¬ 
treme  high  water  of  spring  tides  (EHWS):  including  the  splash 
zone  from  breaking  waves;  2)  the  seaward  limit  of  wetland  emer- 
gents,  trees  or  shrubs  where  they  extend  into  open  ocean  waters; 
and  3)  the  seaward  limit  of  the  Estuarine  System  where  this  limit 
is  determined  by  factors  other  than  vegetation.  Deep-water  habi¬ 
tats  lying  beyond  the  seaward  limit  of  the  Marine  System  are  out¬ 
side  of  the  scope  of  this  classification  system. 

Estuarine  -  Includes  tidal  habitats  and  tidal  wetlands  which  are 
usually  semi -enclosed  by  land  but  have  partial  or  intermittent  ac¬ 
cess  to  the  ocean. 

Estuaries  extend  upstream  and  landward  to  the  place  where 
ocean-derived  salts  measure  less  than  0.5  percent  during  the  peri¬ 
od  of  average  annual  low  flow.  The  seaward  limit  of  the  Estuarine 
System  is:  1)  a  Tine  closing  the  mouth  of  a  river,  bay  or  sound; 

2)  a  line  enclosing  an  offshore  area  of  diluted  seawater  with 
typical  estuarine  flora  and  fauna;  or  3)  the  seaward  limit  of  wet¬ 
land  emergents,  shrubs  or  trees  where  these  plants  grow  seaward  of 
the  line  closing  the  mouth  of  a  river,  bay,  or  sound. 

Riverine  -  Includes  all  wetlands  and  deep-water  habitats  contained 
within  a  channel,  except:  1)  wetlands  dominated  by  trees,  shrubs, 
persistent  emergents,  nonaquatic  mosses  or  lichens,  and  2)  habi¬ 
tats  with  water  containing  ocean-derived  salts  in  excess  of  0.5 
percent.  A  channel  is  "an  open  conduit  either  naturally  or 
artificially  created  which  periodically  or  continuously  contains 
moving  water,  or  which  forms  a  connecting  link  between  two  bodies 
of  standing  water"  (Langbein  and  Iseri,  1960:5). 

The  Riverine  System  is  bounded  on  the  landward  side  by  up¬ 
land,  by  the  channel  bank  (including  natural  or  man-made  levees), 
or  by  wetland  dominated  by  trees,  shrubs,  persistent  emergents, 
nonaquatic  mosses  or  lichens.  In  braided  streams,  the  system  is 
bounded  by  the  banks  farming  the  outer  limits  of  the  depression 
within  which  the  braiding  occurs. 

Lacustrine  -  The  Lacustrine  System  includes  wetlands  and  deep¬ 
water  habitats  with  all  of  the  following  characteristics:  1)  sit¬ 
uated  in  a  topographic  depression  or  a  dammed  river  channel; 


2)  lacking  trees,  shrubs,  persistent  emergents,  nonaquatic  mosses 
or  lichens  with  greater  than  30  percent  areal  coverage;  and 

3)  greater  than  8  hectares  (20  acres)  in  size.  Similar  wetlands 
and  deep-water  habitats  smaller  than  8  ha  are  also  included  in  the 
Lacustrine  System  if  an  active  wave-formed  or  bedrock  shoreline 
feature  forms  all  or  part  of  the  boundary,  or  if  the  water  depth 
in  the  deepest  part  of  the  basin  is  greater  than  2  m  at  low  water. 
Lacustrine  waters  may  be  tidal  or  non-tidal,  &ut  salinity  is  less 
than  0.5  percent. 

The  Lacustrine  System  is  bounded  by  upland  or  by  wetland  dom¬ 
inated  by  trees,  shrubs,  persistent  emergents,  nonaquatic  mosses 
or  lichens.  Lacustrine  systems  formed  by  damming  a  river  channel 
are  bounded  by  the  contour  approximating  the  normal  spillway  ele¬ 
vation  or  normal  pool  elevation  except  where  palustrine  wetlands 
extend  lakeward  rf  that  boundary.  Where  a  river  enters  a  lake, 
the  extension/'  the  lacustrine  shoreline  forms  the  riverine/la¬ 
custrine  bound  ** 

Palustrine  -  The  Palustrine  System  includes  all  non-tidal  wetlands 
dominated  by  trees,  shrubs,  persistent  emergents,  nonaquatic  moss¬ 
es  or  lichens,  and  all  such  wetlands  that  occur  in  tidal  areas 
where  salinity  due  to  ocean-derived  salts  is  below  0.5  percent. 
It  also  includes  wetlands  lacking  such  vegetation,  but  with  all 
the  following  characteristics:  1)  size  less  than  8  hectares  (20 
acres);  2)  absence  of  an  active  wave-formed  or  bedrock  shoreline 
feature;  3)  water  depth  in  the  deepest  part  of  basin  less  than  2  m 
at  low  water;  and  4)  salinity  due  to  ocean-derived  salts  less  than 
0.5  percent. 

The  Palustrine  System  is  bounded  by  upland  or  by  any  of  the 
other  four  systems. 


WATER  QUALITY  IMPROVEMENT 


INTRODUCTION 

Several  problems  arise  in  assessing  the  value  of  wetlands  for  improving 
water  quality.  Although  all  wetlands  are  biologically  active  systems  and 
thus  have  the  capacity  to  remove  pollutants,  the  question  of  what  consti¬ 
tutes  water  quality  improvement  must  be  established  before  attempting  to  as¬ 
sign  values  to  either  general  wetland  types  or  to  specific  wetlands.  Beyond 
the  question  of  defining  water  quality,  the  origin,  volume,  fate,  and  use  or 
significance  of  the  affected  waters  are  also  salient.  Moreover,  the  func¬ 
tion  of  water  quality  improvement  may  occur  only  on  a  seasonal  or  annual  ba¬ 
sis  over  a  localized  area;  conversely,  the  function  may  occur  on  a  daily  ba¬ 
sis  and  extend  over  an  entire  region. 

The  term  "water  quality"  has  not  been  well-defined  by  the  scientific  or 
regulatory  community.  A  good  working  definition  of  water  quality  depends  on 
the  designated  use  and  users  of  the  water  body.  Current  water  quality  plan¬ 
ning  activities  use  primarily  dissolved  oxygen  concentrations,  biological 
oxygen  demand  (BOD),  nitrogen,  or  phosphorus  as  a  basis  for  planning  and 
modeling  water  quality.  The  U.S.  Environmental  Protection  Agency  (EPA)  has 
developed  or  is  developing  numerical  criteria  and  standards  for  a  wide  array 
of  inorganic,  organic,  and  physical  parameters  in  water.  For  the  purposes 
of  evaluating  specific  wetland  areas  and  their  values  for  water  quality  im¬ 
provement,  local  water  quality  problems  and  needs  must  be  known  and 
considered.  Specific  wetlands  may  be  sources  of  .some  materials  to  the  re¬ 
ceiving  water  an~d_sink-s..fnr  other  maTeriaTsT 

The  water  quality  improvement  function  of  wetlands  has  not  been  expli¬ 
citly  defined  in  Corps  of  Engineers’  regulations  (33  CFR  320)  or  "Wetland 
Values:  Concepts  and  Methods  for  Wetlands  Evaluation".  The  former  states 
that  "wetlands  through  natural  water  filtration  processes  serve  to  purify 
water",  whereas  the  latter  states  that  "some  wetlands  can  function  to  natur¬ 
ally  purify  water  by  removing  organic  and  mineral  particulate  matter  from 
rivers  and  streams".  These  definitions  imply  that  the  water  quality  im¬ 
provements  function  of  wetlands  pertains  to  the  removal  of  pollutants  or 
problem-causing  materials  from  ambient  waters,  rather  than  their  capacity  to 
treat  wastewater  or  storm  water  runoff. 

Thus,  the  hydrologic  interaction  of  wetlands  with  adjacent  surface  wa¬ 
ters  is  an  important  factor  in  assessing  its  value  for  improving  water  qual¬ 
ity.  For  example,  a  perched  bog  which  is  underlain  by  clay  or  peat  soils 
has  limited  interaction  with  surface  or  groundwaters.  Consequently,  it  con¬ 
tributes  little  in  the  way  of  improving  water  quality.  Tidal  marshes,  on 
the  other  hand,  are  inundated  daily  and  have  at  least  the  potential  of  sig- 
nifantly  improving  water  quality  in  adjacent  waters. 

In  flow-through  or  open  wetlands  a  distinction  among  ambient  waters* 
storm  water  runoff,  and  wastewater  must  be  made  when  assessing  the  water 
quality  improvement  value  of  specific  wetland  areas.  Riverine,  estuarine, 
or  lacustrine  wetlands  may  directly  improve  the  water  quality  in  the 
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adjacent  water  body  because  the  ambient  water  directly  interacts  with  the 
wetland;  in  this  case  the  wetland  is  providing  a  direct  water  quality  im¬ 
provement  function  in  the  receiving  water.  Wetlands  that  fringe  lakes,  riv¬ 
ers,  and  estuaries  and  that  primarily  receive  storm  water  runoff  from  agri¬ 
cultural  or  urban  areas  may  not  directly  improve  the  water  quality  of  the 
receiving  water  body.  However,  they  may  help  maintain  its  quality  by  remov¬ 
ing  pollutants  from  storm  water  that  otherwise  would  have  reached  the  re¬ 
ceiving  water;  this  type  of  functioning  could  be  considered  water  quality 
maintenance,  as  opposed  to  actual  water  quality  improvement.  Finally,  some 
wetlands  do  or  have  the  potential  to  receive  municipal  or  industrial  waste- 
water  and  be  utilized  as  tertiary  treatment  units  for  individual  waste- 
streams;  this  type  of  functioning  does  not  directly  improve  ambient  water 
quality,  but  as  in  the  case  of  storm  water  runoff,  the  wetland  may  help 
maintain  ambient  water  quality.  Wetlands  that  are  close  to  urban  or  indus¬ 
trialized  areas  have  the  potential  to  receive  wastewaters  and  therefore, 
these  wetlands  have  value  as  potential  water  quality  maintenance  areas  for 
ambient  waters,  even  though  they  are  not  actively  functioning  in  this  capa¬ 
city. 

Assessing  the  value  of  wetlands  for  water  quality  improvements  also  de¬ 
pends  on  one's  individual  bias  or  perspective.  For  example,  wetland  ecolo¬ 
gists  have  praised  wetlands  for  their  production  of  detritus  which  provides 
the  basis  for  detritivore  food  chains  in  estuaries;  whereas  more  recently 
environmental  engineers  and  scientists  are  viewing  wetlands  as  sewage  treat¬ 
ment  units  that  efficiently  remove  BOD.  Detritus  is  food  for  the  estuary 
and  BOD  is  a  pollutant,  yet  both  are  forms  of  organic  matter.  In  one  case 
the  wetlands  are  valuable  because  they  are  removing  organic  matter  and  pre¬ 
venting  water  quality  degradation  in  the  receiving  water,  whereas  in  the 
other  case  wetlands  are  valuable  because  they  export  significant  quantities 
of  organic  matter  that  feed  aquatic  organisms. 

The  Apparent  discrepancy)  is  not  unreasonable  when  site-specific  com¬ 
parisons  are  ^nade^  and  perhaps  not  at  single  sites  when  local  conditions  are 
investigated.  BOD  (the  pollutant)  may  be  transformed  into  detritus  (the 
food)  by  the  wetland  and  thereby  improve  the  quality  of  the  organic  matter 
and  the  receiving  water.  Nevertheless,  the  BOD  versus  detritus  discrepancy 
illustrates  the  difficulty  of  assigning  water  quality  improvement  ratings 
and  the  problem  with  defining  water  quality  improvement  to  wetlands  without 
site-specific  considerations. 

THE  DATA  BASE 

The  objective  of  this  literature  search  was  to  identify  and  review  only 
those  publications  which  contained  data  for  the  net  exchange  of  materials 
between  wetlands  and  their  receiving  waters  or  for  input-output  studies. 
Water  quality  measurements  are  commonly  made  during  wetland  studies,  but  net 
flux  or  mass  balance  calculations  for  wetland  ecosystems  are  not.  Chemical 
composition  and  concentration  measurements  of  components  of  wetland  ecosys¬ 
tems  and  internal  material -cycl ing  studies  were  not  considered  to  be  direct¬ 
ly  relevant  to  the  water  quality  improvement  function  of  wetlands.  For  the 
purposes  of  this  literature  review,  both  the  direct  water  quality  improve¬ 
ment  of  ambient  waters  and  the  indirect  water  quality  maintenance  function 
of  wetlands  via  storm  water  and  wastewater  treatment  were  included. 


Description  of  Relevant  Literature 


Table  1  presents  summaries  of  research  studies  which  contained  relevant 
data  on  the  water  quality  improvement  function  of  wetlands.  Thirty-four 
studies  which  examined  the  natural  flux  of  materials  across  wetland  boundar¬ 
ies  or  their  responses  to  artificial  enrichment  were  identified.  The  fre¬ 
quency  distribution  of  the  34  studies  among  freshwater  wetlands,  saltwater 
wetlands,  natural  flux  studies,  and  artificial  enrichment  studies  is  shown 
below. 


Distribution  of  Water  Quality 
Improvement  Studies 


Natural 

FI  ux 

Artificial 

Enrichment 

Totals 

Freshwater 

Wetlands 

8 

11 

19 

Saltwater 

Wetlands 

8 

7 

15 

Totals 

16 

18 

34 

The  geographical  distribution  of  study  sites  was  primarily  along  the 
Atlantic  coast  states,  the  northern  mid-west  states,  and  Louisiana.  Nitro¬ 
gen  and  phosphorus  were  the  parameters  most  commonly  measured,  but  different 
forms  and  species  of  these  elements  were  measured  during  different  studies. 
Artificial  enrichment  experiments  ranged  from  laboratory  studies  of  sedi¬ 
ment  cores  to  continual  long-term  application  of  sewage  effluent  to  large 
wetland  areas.  Artificial  enrichment  and  natural  flux  studies  were  conduct¬ 
ed  in  riverine,  lacustine,  and  palustrine  wetlands.  Saltwater  wetland  stud¬ 
ies  were  limited  to  salt  marshes  with  the  exception  of  one  mangrove  study  in 
Fiji. 


The  data  base  for  the  water  quality  improvement  function  of  wetlands  is 
relatively  small  compared  to  the  geographical  distribution  and  diversity  of 
wetland  types.  Experimental  approaches  and  measured  parameters  varied  among 
the  studies  and,  therefore,  exact  comparisons  between  different  wetland 
types  and  between  similar  wetland  types  cannot  often  be  made.  Two  basic 
types  of  water  quality  improvement  studies  were  reported  in  the  literature. 
One  was  the  determination  of  material  fluxes  between  a  natural  wetland  and 
its  receiving  water;  the  other  was  the  artificial  enrichment  of  wetlands 
combined  with  partial  or  complete  mass-balance  measurements.  Both  types  of 
studies  have  been  conducted  on  freshwater  and  saltwater  wetlands. 

Nitrogen  and  phosphorus  forms  were  the  more  commonly  measured  water 
quality  parameters,  although  some  researchers  measured  total  nitrogen  con¬ 
centrations  and  others  measured  just  inorganic  forms.  The  magnitude  and 
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Uindoit  (1976)  Salt  marshes  S.  Carolina  Fe,  Mn,  Cu,  Cd,  Measured  sedi-  Accumulation  rates:  t  Salt  marshes  act  as  sinks 

Georgia  Hg,  Pb,  Zn  ment  concentra-  .  -  for  Fe  and  Mn  while  only 

N.  Florida  tion  and  as-  Fe  ■  A. 5  x  lO^mg/m  -yr  particulate  Cd  and  Hg  accum- 

sumed  sedi men-  Mn  *  303  x  late 

tation  rate  Cu  »  16  x  " 


.owe 
» --  u  a; 

*  \a  ai  •#- 

3  O  W  -O 

t  w  c  a} 
w  u 

j  CT 

?  “O  U 

•  ot  c 

r**-*  o 

»o  <«•*• 

iZ 


-  o  **-  w 
>\  *0  >  4/> 

•o  u  <o 

3  *A  Of  J 

iA  Of  *0 
U  W  O) 

w  a.  o  u 

o  >»  c 

U  Of  A3 
4A  >  4-» 

L  C 

<o  «  «  *o  qj 

0*0=0.  E 

>»  4-f  A3  W  4-1 
0  0*0 
*r  %a  o» 

u.  a*  e  u 

U  <0  Z1  L 

a*  a*  o 
«->  o.  >»w  u 


fO  <A  i—  03 

>  >»  *  O 

o  z  —  •- 
C  0.03  o 
o*  o  — 

u  r  L  j3 
Ot  u 

*A  3  •—  *0 

•*-  o  E  e 

u  ** 
u  „rt  •  c 
a«  w  4-i  ■  o 

4-»  CC-r- 
««  lA  a*  O  4-» 
j  -o  E  M-  *o 
_  C  H.4->  N 
£  A3AJA3**- 
U  r-  U  E  *— 

O  «J  4->  U  *p- 

4-*  o*  e  o  w 

»/)  X  o*  w  3 


•*-  z  (A  w  u  at 
3  vi  a*  o  o>  4-* 
u  4-*  aa 
w  A3  *>,«/>  ai 
O  g  L  «  0*1/1 
T3  U  I 
C  >,4->  I  0* 

O  03  3N1  •  C 

•*-  Q.  E  O.  3 

♦t  IOC'S  o-o 
* O  4J  -r-  raw 

W  c  E  ra 
•*-  o*  *  •  c 

r-  O  ^  AT»- 
—  Uf-  ri  X  U 

03  4-*  Z  3 

5  sen  •  -o 
E  c  c  «-i  » 

E  •  tv-* 

•*-  >  CSJ  O  >* 

_  of  z  •— 

*o  >  oi  •  of 
o  r-  u  n  rn>  u 
o  o  OJ  —  O  •*-  0* 
<3 


0  W 

ot  i  oz 
u  u  ra 
a»  «>•*- 

Z  W  UZ 
C7*  W  c 

•<-  o*  a*  o 

Z  M«4 

0  a> 

•  ra  u  of 

*A  U  O.4-* 
0*  <0  3  » 

U  r-  TJO 
3  C  •#- 
4-»  •  *0  L. 

IO  tff  44 

l.  a*  -  c 
Of  E  4rt  o 

o.**-  «  c* 

E  4*  at 


z  c  a*  «- 
ra  a*  >  >—  ■ 
**■*■©•»-  o 

x  **-  4J  w 


e 

o  La 
a>  a. 

in  4-* 


O  U  -s. 

—«  >x  1  a. 

•o<^J  £  raw 

0*  E  O 

4-1  ra*o  «-«  c 

Of  Of 

U  CNi  0*  W  u 
•  WO  L 

a*  o  *o  Of 

E  X  VO  Q.4J 

O  w  Of  •  3 

"O  OlAin  H  o. 
-*  ra  c 

^  c  •  -0 

WOlPOlUr- 
3  <-f  3  C  >»  fO 
4JU.C3.-r-  l  4J 
«  01  C  A3cu  O 

z  a.-r-  W  e  4J 


C  44  U3  *j  esi 

o  c  a  n 

4-  01  c  Of 

4J  u  o  u 

c  u  -p-  u  »- 

Of  Of  4-1  Of  o 

4J  a.  c  cl  a. 

Of  Of  K 

u  00  4J  Of 

w-  o*  ra 
a.  —■ *  u  — ’  4J 
Of 

r-  u  a.  u  c 
A3  >%  >» 

4J  »  to  |  f-> 

O  c/3  X 


raw 
o>  o  c 

4J  C  Z  Of 
C  O  W  0» 
Of**-  H-  U 
U  4J  2  fO 

U  to  z 
a*  n  a.  o 

a;e^ 


Jis  0 
£■"  -e 

U  4J  CSlOf 
U  C  o  4J 

Of  Of  Z  Of 
CLU  4.  E 


I 

u  ra 

Of  I—  >v  C 
O-  *0  «3  •— 

443  u 

SO  I  3 

4-0^  "O 

■o  w^  >» 

C  00.  10 

*° 

»—  ra  1 
o.  <0  Ecsj 
O  >  E 

-  i°:5 

4J  a*  ra 
c  u  ra 
Of  w  £  *A 
Lf  Z  O  Z 
u  a  4*  w 

Of  4J  CSI  C 
a.  4-»  3  o 
e  C3.T3  6 
co  Of  c  e 
co  o-<-  A3  ra 


«A  r-  3  o 

T3  A3  Of  O 

O  >  03 

Z  0  3  4-* 

4-1  E  i-  c 

Of  Of  4-1  Of 

r  u  e 

O  c  Of 

Z  3  Vt 


O  «3  > 

I  u  c  e  f- 

W  A  Qf 

ra  o 
l/»  c  Of  Of 
Of  f“  £  u  01 
4J  u  o  1  e 

got  Of  o 

4-f  ra*o 

♦j  c  A3  s  ra 
«a  o  u  Of  c 

UJ  £  3  */>•*- 


>  u 

I  «—  Of 

C  Of  4J 

Qf  U  A 
Of  X 
ra  u 
c  E 

•*-  »A  U 
u  Of  o 

O  U  4J  w 

4J  3  lA  W 

*c  o  ra  S 
lui  2 


X  cw 

o  O'-* 


e  4J  o  ra  ra 
o  Cn-  g  e 

f-  Of  4-f 
4J  *7-  AJ  <■  *r 
A3  U  u  •  • 

ra  4J  4J  o  o 


u  0*  e 
ra  s  o 

Cf  *—  •*- 
*0  W  40 


*0  A3  CL 

4->  U  -r-  Q. 

Of  O  »A  «r- 

3C  -J  •*-  IA 

3  1A 
O  — 


c  z 

W  Of  IA 

4f  01  a 

X)  4J  u  E 

C  -r-  W  A3 

*•  e  ^  x 

•—  u  3  « 

4-f  Of  O 

Of  4J  o  u 

»  e  »—  Of 


S  1  1 

X  4-»  o 

u  ^  m  *— 

Of  Of  a*  UP* 

*4  e  x  •*- 

<3  *4-  •  X 

X  u  E  *A  X> 

4-*  Of  •  O 

Z  *A  •  (A  3A  O 

«A  3  XJ  tA  p-  X 

01  U  C  A<p  & 
t  A  A  L  A  O 
u.  r-  •—  ra  4J  -e 


U  «A 
4-* 

kA  01  Z 
3  ra  «a 
u  *o  u 

«  Of  13 
—f  *A  E 


nutrient  remove 


r  ■  jf/  '■  r. 

r-  ■  w 

w  1  »  " 

*"7  M 

'I'  • 

M  „  *  4  M  U  *  L! 

4 1--  -w  -  r; 

'  V  ^ 

r  v  1  ■»;■* 

* 

i 

1 

■o 

>1 

4-* 

01  91  1 
>  C 

4J 

1 

O  07 

O  0 

07  07 

^  4-7 

m 

1 

to  1 

U  3 

?  c 
1^-10 

o  »•- 
o 

9*  — 

m 

u 

70 

a. 

-*  J  3 
u  o  a. 

Ol  L  47 

W  9»  3 

4-7  *07 
*71  C 

0  0 
c  c 

C  07 

*3 

07  9* 

4-*  C 

U  O  07  4-7 
t-  TO 

07  3*  C  C 

07  U 

ss. 

<0 

U 

»*-  o 

07  9» 

c  o. 

■r-  M> 

**-  £ 

O 

O 

I  z> 

to 

to  cn  Qto  E  4-» 
e-  C  E  TO  C 

- 

-C  o 

c 

>1— 

>1  «-* 

M 

c 

o 

«| 

0>  -O 

o 

*J 

a. 

C  3  * 

0-0  3 

C  4-7 
x:  r-  c  3 

c 

f"  E  0 
4*- 

^  07  4-7 

01  L  3 

II 

m  E 
to  f 

^  m 
m 

0  3  O- 

OOUb- 
m  c  44- 

■3  CL  Ml  v—  07 

i 

3 

U 

1/1  47* 

>t  « 

47* 

o 

471 

E 

07 

>» 

c 

VI  o  «  o 
u  >  c 

I  is- 

>4-7  0 

07  *4-  O' 

5  07 

0  — 
out. 

—  07 

07 

*7  t_ 
m  0 

07  *3  >>  U  O 

L.  C  r-  O  O' 

<0  c^-  TO 

- 

o 

u 

*3  •« 

C 

a-*  07  IT* 

L. 

07 

4-* 

1 

o» 

c 

1 

c 

07  .0  CL 

4-  U 

<c  c  •— 

t  &  o  « 

3  m  3 

4-»  L.  to  C 

L  O  « 

a.  IT*  07 

4-7  07 
*71  4-7  3 

iflV  M 
TO  07  X 
L.  07 

cn  4-7 
3  or  in 

m  in 

>»4-7 
f  4-7  C 

m  07 

1-  u  •*- 

C  Z  44-07 

•*-  com 

cn  *o  O  _ 

C  07  m  4-7  E 

^  >  TO  u  O 

o>  o  01 

O-  0.4-1 

o 

-J 

o 

c 

«0  O  <D  C 

Z  4-  Si  IC 

£  si 

t/>  3  * 

X  CL  4-7 

iZ  S  m  14-  *4- 

• 

• 

• 

• 

• 

• 

• 

1 

07 

•  ^ 

a 

IT* 

1  m  >1 

c 

C  C  3 

31 

■*-  in  4-» 

1  Ml 

r-» 

oo-o 

07  07 

>* 

*n  0.  07  ■*- 

TO  07 

Of-**—  OS 

1.  L. 

jz 

in  l  u 

07  t-  i. 

5 

O  4->  4-»  L. 

>> 

TO  U  4-7  « 

m  4-7  TO 

•V-  u  o 

■s 

0  si  a 

TO  C 

■3  -o 

4-7  3  3  E 

—  ^ 

•  •  44—  Ml 

07  07  O* 

L  y  C 

o  -o  -o  U 

e 

>  *3 

c  -  u 

c  — 

3  07  07  O 

IT*  T3 

0 

Q  07 

0  >»  m 

u  c  — 

-O  L.  1-  *4- 

■O  — 

£  > 

•«-  4-1  a. 

07  O  "O 

07  •*- 

-O 

4-7 

4-7  •*-  07 

*3  U  07 

V-  o  *— 

r-  U 

MJ 

u  e 

TO  U  07  .. 

07 

3 

07  4-» 

O  O  Q 

O  3 

0  a. 

u  2  3 

4-7  O.  W 

u  —• 

CL  CD  Z  O 

W1  4-7 

Z 

C 

f—  -0 

r-  to  CD  07 

07  -3  m 

■  '■ 

AC 

5-S 

4-»  4->  4-»  4-* 

cl  e 

4->  4-7 

CL  O  07 

U  C  m 

C  C  c  C 

C  c  c 

CL  TO 

c  c 

o.  c  jrvj 

Sr « "2 

07  07  07  0) 

07  07  0 

to 

07  »T*  07  m 

*  «»^  E 

u  u  u  u 

OO.^ 

z 

u  4-7  0  4-7 

>  m 

u=  C 

U  1_  l»  L.  C 

L.  L.  4-7 

07 

-3  CL 

07  07  07  07  O 

07  07  U 

r—  14- 

07  TO  07  Ml 

f  P  41  C 

<71  r- 

a.  a.  a.  Q.-»- 

CL  0.3 

O*  O 

Jf  M  SI  Ol 

On  to  c 

4-1 

4-7 

-O 

C 

CL  O. 

as  m 

1  4-*  0 

m  o*  07 

40  X  t. 

. 

n  o  io 

4-*  00  WO  CD 

CO  CO 
m3- 

STfe 

“  R 

07  —  M3  *3  CM 
3  £  a  i  v 

to  Ov 

O*  4-7  4-» 

JS 

1  v»  31 4-* 

•e-  m  c  C 

3 

^  1  L 

3 

0  *o 

1  O  07 

07  4-* 

•*—  1  A3 

07  4-7 

c 

C  *3  U  >  3 

•St 

*/>  e 

— '  C  1  C  E 

in  C 

f—  TO 

■8 

07 

g  cl  3 

07 

-0  CL 

U  C  Ml  07  *4- 

"SD  c 

E  t  3  04*- 

cn  3 

C  CLZ 

O  O  1*- 

toC 

C  -o  O 

C  7— 

TO  TO 

■8  ^  ss: " 

GJ^->  •  J_ 

4^ 

07 

<0  H-  •*- 

4-7  m  3*  E  E 

>  **- 

07  >>  O 

U  to  U  07 

3  t-  c  m  3* 

X 

f-  AI47 

1  JC  C  70  3  -V-  07 

0» 

cn  ^  c 

sip  4TO  <a 

E  073 

C  C  U  L.  U 

O  07 

07  04 

C  07  O 

TO  c  1-  07  3 

•*-  0**0 

0  0  0  4-7  4-7 

•*“  07 

40  Ml  « 

-J  E  4-7  IT*  I/* 

U 

*0^4-7 

X  u  »•-  w  m 

>» 

• 

Cl 

a* 

ui 

r-  L. 

«:s£ 

«  Of 

* 

3  4-» 

-  >i . 

g 

8S  ? 

1-  « 

O  *0  o  IT* 

07  L. 

*—  -o 

4J  Ml 

a- 

•JO  —  •*- 

o. 

O. 

*  O- 
2 

m 

8300 

• 

* 

m- 

Z 

£07—  U  <71 

z 

z 

*3  O 

to  m 

C 

e 

■3  07 

m  *■» 

e 

—  -O 

V—  Ml 

Ml 

*7* 

«.  TO 

>* 

a* 

e 

O  e- 

0 

r“  cn 

- 

DC  *1 

JZ 

u 

u.  t_ 

m 

07 

•  > 

3 

« 

X 

3 

l/l  Ui 

X 

m 

*3 

_■ 

IT* 

07 

07 

IT* 

07 

Oto 

to 

C 

>1 

L. 

L  L 

01 

01  o» 

ft 

4-» 

4-7  » 

*o 

■? 

«  07 

TO  TO 

c 

3  C  M 

3  CO 

u 

<o 

• 

^  07 

’ 

Q 

*7 

£  l-£ 

m  07  it* 

3 

m 

LbJ 

07 

m 

07  >  U 

07  TO 

U 

w 

31 

07 

t-  *0 

4-  3 

u.az 

U.  1/) 

-J 

►-4 

* 

1- 

to 

s 

40 

•N- 

IA 

r*. 

O* 

u 

Ol 

w 

m 

H 

Of 

to 

• 

07 

« 

LU 

C 

01 

47 

07 

<• 

O 

_J 

4i 

* 

CQ 

01 

e 

07 

C 

< 

01 

o 

• 

<0 

f* 

,  • 

h- 

oc 

47* 

w 

01 

■3 

07* 

u 

C7» 

TO 

c 

3 

u  o* 

s. 

07 

4-i 

O 

«/> 

10 

> 

.  -  «  -  •*- 

a  -  ■  —  a- 

13 

M 

=! 


Bender  and  Correll  Medium  salinity  Chesapeake  Bay  P  Fertilization  Application  of  430  mg  VI  #  Utility  of  any  type  for  nu- 

(1974)  salt  marshes  n^-day  exceeded  assimila-  trient  removal  Is  questlon- 
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sewage  sludge  B0-9H  percent  N  retained  •  Salt  marshes  assimilate  sew- 

fertillzer  ap-  91-94  percent  P  retained  age 

plication  98  percent  Pb  retained 

82  percent  Zn  retained  •  Upper  limit  for  assimilation 

44  percent  Cd  retained  Is  unknown 
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direction  of  net  nitrogen  and  phosphorus  exchange  between  wetlands  and 
their  receiving  water  varies  substantially  among  different  wetland- types  and 
among  different  wetlands  of  the  same  type.  The  existing  data  base  for  the 
natural  flux  of  nitrogen  and  phosphorus  suggests  that  freshwater  wetlands 
tend  to  retain  or  have  no  effect  on  these  nutrients,  whereas  saltwater  wet¬ 
lands  tend  to  export  or  have  no  effect  on  the  nutrient  concentrations  of  the 
flooding  water. 

The  variability  of  measured  nutrient  forms;  of  the  duration,  frequency, 
and  seasonality  of  observations;  and  of  the  time  units  for  flux  values  makes 
meaningful  quantification  of  net  exchange  rates  impossible.  Several  re¬ 
searchers  observed  seasonality  to  the  direction  and  magnitude  of  nutrient 
exchange;  nutrients  were  retained  during  the  growing  season  and  subsequently 
released  during  the  fall  and  spring.  Transformation  of  inorganic  nutrients 
to  organic  forms  by  wetlands  has  been  observed,  particularly  in  salt  marsh¬ 
es;  inorganic  nutrients  are  removed  from  flooding  waters,  converted  to  or¬ 
ganic  forms,  and  exported  as  detrital  or  dissolved  organic  material. 

The  artificial  enrichment  studies  demonstrated  that  freshwater  and 
saltwater  wetlands  can  remove/retain  nitrogen  and  phosphorus  that  is  artifi- 
cally  applied;  however,  removal  efficiencies  vary  markedly.  For  example, 
the  observed  ranges  of  nitrogen  and  phosphorus  removal  efficiency  by  wet¬ 
lands  was  8-99  percent  and  1-99  percent,  respectively.  For  the  purposes  of 
evaluating  natural  wetlands,  these  types  of  studies  are  useful  for  estimat¬ 
ing  the  potential  rather  than  the  actual  in  situ  value  of  wetlands,  and  for 
indicating  their  upper  limit  of  pollutant  assimilative  capacity.  Utilizing 
these  types  of  data  to  quantify  the  water  quality  improvement  function  of 
natural  wetlands  would  be  misleading. 

Discussion 


Available  literature  indicates  that  different  wetland  types  and  differ¬ 
ent  wetlands  of  the  same  type  function  differently  under  different  condi¬ 
tions.  Some  wetlands  retain  some  compounds  either  seasonally  or  on  an  annu¬ 
al  basis,  whereas  some  wetlands  export  some  compounds  either  seasonally  or 
on  an  annual  basis.  All  studies  were  conducted  over  a  relatively  short  time 
period  and  included  infrequent  and  few  observations.  Therefore,  the  effects 
of  storms  and  the  "first  flush"  phenonemon  was  not  included  in  most  net  ex¬ 
change  calculations. 

All  studies  of  freshwater  wetlands  and  their  capacity  to  exchange  or 
retain  nutrients  from  inputted  water  indicate  that  freshwater  wetlands  do 
act  as  sinks  for  nitrogen  and  phosphorus  during  some  periods.  Mass  balance 
calculations  were  not  made  in  all  studies  and  only  inorganic  species  of  ni¬ 
trogen  and  phosphorus  were  measured  during  several  of  the  studies.  Van  der 
Valk,  et  al.  (1979)  reviewed  the  water  quality  improvement  aspects  of  fresh¬ 
water  wetlands  and  observed  that  all  the  wetlands  trapped  P  and/or  N  to  some 
extent  at  least  seasonally.  The  key  observation  with  respect  to  wetland 
values  for  water  quality  improvement  is  that  freshwater  wetlands  retain  ma¬ 
terials  to  some  extent  and  during  some  parts  of  the  year.  On  the  other 
hand,  Klopatek  (1978)  and  Prentki,  et  al .  (1978)  illustrate  that  lacustrine 
and  riverine  marshes  may  be  inefficient  nutrient  traps  because  they  are 


16 


open,  leaky  systems  and  their  macrophytic  vegetation  effectively  pumps  nu¬ 
trients  from  the  sediments  and  prevents  permanent  burial  below  ground.  Klo- 
patek  (1978)  reviewed  the  nutrient  dynamics  of  freshwater  riverine  marshes 
and  concluded  that  their  open  characteristic  results  in  a  continual  subsidy 
and  withdrawal  of  nutrients,  with  the  specific  patterns  in  a  given  wetland 
being  dependent  upon  seasonal  hydrological  fluctuation  and  biological  acti¬ 
vity.  Attempts  to  relate  soil  and  water  nutrients  with  levels  in  emergent 
macrophytes  have  been  unsuccessful,  although  Klopatek  did  find  significant 
correlations  between  soil  nutrients  and  plant  nutrients  for  individual  plant 
species.  These  results  suggest  that  using  aboveground  biomass  quantities  as 
indicators  of  a  specific  wetland  area's  functioning  for  water  quality  im¬ 
provement  and  pollutant  detention  would  not  be  a  defensible  evaluation  cri¬ 
terion;  too  many  other  factors  and  their  variabilities  determine  the  rela¬ 
tionship  between  plant  biomass  and  pollutant  removal  in  wetlands.  Intui¬ 
tively,  one  would  expect  densely  vegetated  wetlands  to  retain  more  nutrients 
and  pollutants  than  less  densely  vegetated  wetlands,  but  the  lack  of  demon- 
stratable  correlations  over  a  wide  range  of  biomass  values  makes  such  an  in¬ 
dicator  rather  limited  in  its  utility  and  sensitivity.  Perhaps  more  data 
for  all  types  of  wetlands  and  their  materials  balances  and  more  synthesis  of 
existing  data  would  show  that  plant  biomass  is  a  valid  indicator  of  the  wa¬ 
ter  quality  improvement  or  pollutant  removal  value  of  wetlands. 

Prentki,  et  al .  (1978)  utilized  a  conceptual  input-output  model  for  nu¬ 
trient  movements  in  lacustrine  marshes  and  selected  data  from  the  literature 
to  propose  that  lakeshore  marshes  cannot  be  effective  nutrient  traps  and 
sinks.  Inventorying  all  sources  and  sinks  of  nitrogen  and  phosphorus  for 
aboveground  plant  material,  they  illustrated  that  most  sources  of  N  and  P 
were  relatively  insignificant  compared  to  nutrient  translocation  or  nutrient 
pumping  from  the  soil  by  the  plants  during  the  growing  season.  Trapping  of 
P  from  storm  water  runoff  was  inefficient  (less  than  10  percent)  on  a  annual 
basis  for  their  example  marsh,  Lake  Wingra,  WI.  Using  a  teleological  argu¬ 
ment,  they  concluded  that  lakeshore  marshes  may  be  ineffective  nutrient 
traps.  The  marsh  needs  to  conserve  nutrients  and  does  so  by  pumping  nutri¬ 
ents  from  the  soil  to  aboveground  structures,  thereby  avoiding  loss  by  per¬ 
manent  burial  in  the  deep  sediments. 

Richardson,  et  al .  (1978)  found  that  the  capacity  of  acid  peatlands  to 
store  or  assimilate  P  on  a  long-term  basis  appears  limited  and  that  the  na¬ 
tural  yield  of  bogs  are  well  within  the  range  and  may  exceed  the  outputs 
from  upland  terrestrial  ecosystems.  Wetlands  may  be  efficient  filtering 
systems  but  total  losses  of  nutrients  may  be  high  because  internal  nutrient 
reservoirs  or  external  loadings  are  large.  Their  analysis  of  nutrient  dy¬ 
namics  in  northern  fens,  bogs,  swamps,  and  marshes  is  not  conclusive,  for  un¬ 
derstanding  the  value  of  wetlands  for  water  quality  improvement.  Their  re¬ 
sults  suggest  that  productivity  in  the  Michigan  fen  may  be  limited  by  the 
availability  of  plant  nutrients  and,  therefore,  that  additional  assimilita- 
tive  capacity  for  nutrients  and  pollutants  exists  within  the  wetland.  How¬ 
ever,  other  wetland  areas  which  yield  significant  quantities  of  nutrients 
may  be  naturally  leaky  or  may  have  reached  their  saturation  point  for  nutri¬ 
ents. 
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The  study  of  phosphorus  inputs  and  outputs  of  a  forested  riverine  wet¬ 
land  in  Illinois  by  Mitsch,  et  al .  (1977)  illustrates  the  difficulty  in  as¬ 
sessing  the  water  quality  improvement  value  of  natural  wetlands.  Mitsch 
found  that  a  cypress  tuipelo  swamp  received  80  g  P/m  -yr  from  river  flood¬ 
ing,  of  which  3.6  o  P/nr-yr  sedimented  out  in  the  swamp.  The  swamp  also 
received  0.25  g  P/m^-yr  from  groundwater,  rainfall,  and  runoff  Inputs  and 
exported  0.34  g  P/m  -yr  back  to  the-  river  during  non-flood  periods.  From 
these  results,  Mitsch  concluded  that  the  swamp  took  in  11  times  more  P  than 
was  discharged  to  the  river  during  non-flood  periods;  therefore,  the  swamp 
appears  to  be  an  efficient  P  sink.  However,  the  major  source  of  P  to  the 
swamp  was  river  flood  (80  g  P/nr-yr)  and  the  swamp  only  retained  four  per¬ 
cent  (3.6  g  P/nr-yr)  of  the  river  input.  The  swamp  did  have  a  net  reten¬ 
tion  of  3.5  g  P/m  -yr  but  this  quantity  was  only  an  insignificant  fraction 
of  flood-stage  P  transport  by  the  river.  From  the  standpoint  of  river  water 
quality,  the  swamp  did  not  have  much  value  for  water  quality  improvement. 
Moreover,  the  swamp  delivered  more  P  to  the  river  during  non-flood  condi¬ 
tions  than  it  received  from  precipitation,  groundwater,  and  runoff. 

The  studies  of  nutrient  retention  by  freshwater  wetlands  under  artifi¬ 
cially  enriched  conditions  indicate  that  all  types  of  freshwater  wetlands 
are  capable  of  removing  and  retaining  nutrients  on  at  least  a  short-term 
basis.  However,  the  artificial  nutrient  loads,  percentage  nutrient  reten¬ 
tion,  assimilative  capacity,  experimental  conditions,  wetland  type,  measured 
parameters,  study  duration,  geographical  locations,  and  hydrological  regime 
varied  considerably  among  the  studies  and,  therefore,  defining  any  trends 
was  not  possible.  For  example.  Steward  and  Ornes  (1973)  found  the  assimila¬ 
tive  capacity  of  a  south  Florida  palustrine  wetland  for  phosphorus  to  be 
less  than  2  g/m  ,  whereas  Hickak,  et  al .  (1977)  found  a  lacustrine  wetland 
in  Minnesota  retained  1.56  g  P/nr-yr  from  storm  water  runoff. 

The  studies  of  nutrient  exchange  between  saltwater  wetlands  and  their 
adjacent  estuaries  indicate  that  saltwater  wetlands  under  natural  conditions 
tend  to  export  nutrients  or  have  no  net  exchange,  rather  than  import  or  re¬ 
tain  nutrients.  Although  the  wetland  areas  were  primarily  Spartina  salt 
marshes,  the  reported  parameters,  and  experimental  conditions  were  similar 
enough  and  the  data  base  large  enough  to  identify  more  meaningful  trends  and 
determinant  factors.  Heinle  and  Flemer  (1976)  found  no  consistent  pattern 
of  nutrient  exchange  in  over  two  years  of  intensive  study  at  a  single  marsh. 
Their  findings  are  applicable  to  the  entire  data  base  of  salt  marsh  studies. 

The  ability  and  significance  of  salt  marshes  to  assimilate  nutrients  or 
pollutants  under  artificially  enriched  conditions  is  also  unclear.  All  ar¬ 
tificially.  enriched  saltwater  wetlands  did  remove  added  materials  to  some 
extent.  The  observed  ranges  of  N  and  P  removal  efficiency  was  8-99  percent 
and  1-99  percent,  respectively.  Researchers  are  similarly  variable  in  their 
conclusions  about  wetland  values  for  water  quality  improvement;  Hull  (1976) 
found  that  tidal  marsh  grasses  are  efficient  sinks  for  surface  applied  nu¬ 
trients,  whereas  Bender  and  Correll  (1974)  concluded  that  the  utility  of  any 
type  of  wetland  for  nutrient  removal  is  questionable. 


The  flux  movement  of  materials  other  than  nitrogen,  phosphorus,  and 
carbon,  particularly  heavy  metals  and  toxic  organic  chemicals,  across  wet¬ 
land  boundaries  has  received  little  attention  from  wetland  researchers. 
Windom  and  Hull  (1976),  and  Valiela,  et  al .  (1975)  illustrate  that  wetlands 
do  retain  heavy  metals  to  varying  degrees,  but  the  fate  and  effects  of  heavy 
metals  entering  wetlands  has  only  been  partially  documented  for  a  few  wet¬ 
lands.  Metal -soil -water-plant  interactions  for  individual  metals  are  ex¬ 
tremely  complex  (Patrick,  1977);  therefore;  making  generalizations  about  the 
value  of  wetlands  for  removing  heavy  metals  from  ambient  waters  is  prema¬ 
ture.  The  capacity  of  wetlands  to  retain  heavy  metals  is  potentially  much 
higher  than  for  nitrogen  and  phosphorus;  Windom  (1976)  observed  that  pollut¬ 
ed  harbor  sediments  had  higher  metal  concentrations  than  did  marsh  sedi¬ 
ments.  However,  the  implications  of  excessive  accumulation  of  heavy  metals 
and  toxic  compounds  for  wetland  ecosystems  and  their  food  chains  are  severe. 
Competing  uses  of  wetlands  for  water  quality  improvement  and  wildlife  habi¬ 
tat  becomes  a  significant  issue  with  regard  to  heavy  metals  and  toxic  com¬ 
pounds. 

Novitzki  (1979)  developed  a  classification  scheme  based  on  the  location 
and  the  hydrologic  characteristics  of  wetlands.  The  classification  is  use¬ 
ful  for  understanding  and  placing  into  perspective  the  water  quality  im¬ 
provement  functions  of  wetlands.  Novitzki's  hydrologic  classification  sys¬ 
tem  includes  four  classes:  surface-water  depression  wetlands,  surface-water 
slope  wetlands,  groundwater  depression  wetlands,  and  groundwater  slope  wet¬ 
lands.  Surface-water  depression  (generally  palustrine  wetlands)  are  hydrol- 
ogically  isolated  from  other  surface  water  bodies  and  the  local  groundwater 
systems  and  receive  their  water  from  precipitation  and  overland  flow  (see 
Figure  1).  Surface-water  slope  wetlands  occur  along  rivers  and  lakes  (riv¬ 
erine  and  lacustrine  wetlands)  and  receive  their  water  primarily  from  over¬ 
land  flow  and  flood  waters  from  the  adjacent  lake  or  river  (see  Figure  2); 
these  wetland  types  only  extend  up  the  slope  as  far  as  occasional'  flooding 
extends.  Groundwater  depression  wetlands  (usually  palustrine)  are  hydrol- 
ogically  isolated  from  other  surface-water  bodies  and  receive  their  water 
from  overland  flow,  precipitation,  and  groundwater  inflow  (see  Figure  3). 
Groundwater  depression  wetlands  are  similar  to  surface-water  depression  in 
that  neither  type  has  any  surface-water  discharge,  but  they  are  different 
from  surface-water  depression  wetlands  because  they  are  hydrologically  con¬ 
nected  to  the  local  water  table  and  receive  significant  inputs  from  the  wa¬ 
ter  table.  Groundwater  slope  wetlands  receive  a  majority  of  their  water 
from  groundwater  seepage  or  springs  on  a  continual  basis  and  subsequently 
discharge  their  water  by  overland  flow  to  downstream  water  bodies  (see  Fig¬ 
ure  4);  these  wetland  types  typically  occur  along  hillsides  where  geologic 
conditions  prohibit  infiltration  and  percolation.  Groundwater  slope  wetT 
lands  differ  from  groundwater  depression  wetlands  in  that  the  former  have 
surface-water  discharges  whereas  the  latter  do  not. 

Novitzki's  classification  of  wetlands  is  useful  for  assessing  the  value 
of  a  specific  wetland  area  for  both  water  quality  improvement  and  water 
quality  maintenance  because  the  system  categorizes  wetlands  on  the  basis  of 
the  origin  and  fate  of  water  in  the  wetland.  For  a  wetland  to  be  valuable 
for  water  quality  improvement,  it  must  detain  or  retain  a  significant  amount 
of  pollutants  that  would  otherwise  reach  surface-waters.  For  a  wetland  to 
be  valuable  for  water  quality  maintenance,  the  wetland  must  renovate 
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of  pollutants  that  would  otherwise  reach  surface-waters.  For  a  wetland  to 
be  valuable  for  water  quality  maintenance,  the  wetland  must  renovate  contam¬ 
inated  runoff.  The  first  part  of  the  discussion  will  relate  Novitzki's 
classification  system  to  water  quality  improvement;  subsequently,  water 
quality  maintenance  will  be  addressed. 

Surface-water  depression  or  groundwater  depression  wetlands  naturally 
accumulate  materials  that  cannot  be  flushed  out  because  no  surface-water 
discharge  occurs  in  these  types  of  wetlands,  but  they  do  not  directly  bene¬ 
fit  water  quality  because  there  is  no  discharge.  Depression-type  wetlands 
may  indirectly  benefit  water  quality  in  local  surface-waters  by  retaining 
pollutants  that  would  otherwise  reach  the  surface-waters;  but  only  site- 
specific  analyses  can  determine  whether  the  pollutant  and  hydraulic  load  to 
the  wetland  would  have  had  a  significant  effect  on  local  surface-waters  if 
the  depression  wetland  was  absent.  Depression-type  wetlands  are  very  effi¬ 
cient  sinks  for  materials,  but  under  natural  conditions  the  pollutant  loads 
are  relatively  small;  therefore,  depression-type  wetlands  have  only  moderate 
value  for  water  quality  improvement. 

Surface-water  slope  and  groundwater  slope  wetlands  have  a  greater  po¬ 
tential  to  directly  improve  water  quality  because  the  wetlands  are  hydrolo- 
gically  connected  to  surface-water  bodies.  In  addition,  pollutant-free  wa¬ 
ter  leaving  the  wetland  can  increase  the  dilution  capacity  of  the  receiving 
water.  However,  the  pollutant  removal  efficiency  for  this  type  of  wetland 
is  lower  than  the  depression-type,  and  the  flow-through  volume  per  unit  area 
is  generally  not  significant  in  relation  to  the  volume  of  receiving  water; 
therefore,  slope- type  wetlands  can  in  general  only  have  moderate  value  for 
water  quality  improvement. 

Groundwater  slope  wetlands  cannot  significantly  improve  ambient  water 
quality  unless  the  groundwater  source  is  contaminated.  Since  a  majority  of 
inputted  water  to  a  groundwater  slope  wetland  is  from  groundwater,  the  wet¬ 
land  does  not  receive  and  cannot  purify  significant  amounts  of  surface- 
water.  Individual  groundwater  slope  wetlands  may  be  receiving  heavily  con¬ 
taminated  runoff  from  agricultural  or  urbanized  areas,  in  which  case  the 
wetland  may  be  serving  a  valuable  filtering  function.  Similarly,  a  surface- 
water  slope  wetland  cannot  have  a  significant  value  for  water  quality  im¬ 
provement  unless  contaminated  ambient  water,  overland  flow,  or  precipitation 
enters  the  wetland  and  is  significantly  improved. 

Novitzki's  wetland  classification  system  does  not  include  estuarine 
wetlands,  which  as  intertidal  wetlands  should  be  classified  as  surface-water 
slope  wetlands  in  most  cases.  Some  salt  marshes,  however,  may  have  signfi- 
cant  inputs  of  groundwater  along  the  upland  areas;  therefore,  estuarine  wet¬ 
lands  (also  riverine  and  lacustrine  wetlands)  may  be  groundwater  slope  wet¬ 
lands  in  some  sections  and  surface-water  slope  wetlands  in  other  sections. 
For  example,  Valiela,  et  al.%(1978)  report  that  springs  are  common  at  the 
landward  edge  of  salt  marsh  vegetation  on  Cape  Cod  and  that  inputs  of  nitro¬ 
gen  by  groundwater  can  be  important  to  the  marsh. 
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Intertidal  estuarine  wetlands  have  higher  flow-through  volumes  than  ri¬ 
verine  or  lacustrine  wetlands  and  concomitant  lower  water  residence  times. 
The  higher  volume  of  flow  provides  the  wetland  a  greater  opportunity  to  sig¬ 
nificantly  affect  the  water  quality  of  the  receiving  water.  However,  the 
lower  residence  times  and  demonstrated  trend  of  saltwater  wetlands  to  export 
N  and  P  indicate  that  estuarine  wetlands  have  little  value  for  water  quality 
improvement,  from  a  eutrophication  standpoint.  From  the  standpoint  of  heavy 
metals  and  toxic  pollutants,  estuarine  wetlands  may  be  quite  valuable  for 
water  quality  improvement,  because  flow-through  water  volumes  are  high  and 
the  retention  efficiency  for  'hese  pollutants  does  not  have  to  be  high  to 
allow  the  wetland  to  significantly  affect  the  pollutant  levels  in  receiving 
waters. 

The  value  of  wetlands  for  wastewater  or  storm  water  renovation  or  ulti¬ 
mate  waste  disposal  depends  on  the  same  factors  that  affect  natural  wet¬ 
lands,  except  the  nature  and  magnitude  of  the  pollutant  load  becomes  more 
important.  Most  artificial  enrichment  or  pollutant  loading  studies  have 
shown  that  wetlands  are  capable  of  assimilating  or  retaining  additional  ma¬ 
terials  to  varying  degrees.  The  efficiency' of  pollutant  removal  largely  de¬ 
pends  on  the  hydrology  of  the  wetland.  Depression-type  wetlands  are  effi¬ 
cient  wastewater  disposal  sites  because  surface-water  discharges  do  not  ex¬ 
ist  (see  Odum,  et  al . ,  1976),  whereas  intertidal  wetlands  are  less  efficient 
wastewater  renovation  systems  because  the  water  residence  time  is  too  short 
for  effective  treatment. 

The  impacts  of  and  the  assimilative  capacity  for  wastewater  additions 
to  wetlands  is  just  beginning  to  be  evaluated.  Current  research  indicates 
that  wetlands  are  most  efficient  for  wastewater  renovation  if  they  are  man¬ 
aged  or  altered  (see  Sloey,  et  al . ,  1978,  Kadlec,  1979).  However,  if  wet¬ 
lands  are  altered  and  managed  they  may  not  serve  their  important  roles  for 
fish  and  wildelife  systems.  Inherent  in  wetland  value  for  water  quality  im¬ 
provement  is  a  waste  disposal  or  storage  function  that  is  a  valuable  service 
for  society.  However,  if  inputs  of  wastewater  and  pollutants  accumulate  to 
the  point  where  wetland  sediments  are  classified  as  hazardous  material,  then 
the  value  of  wetlands  for  water  quality  improvement  or  wastewater  renovation 
is  a  short-lived  asset.  In  the  long-term,  wetlands  that  are  very  efficient 
for  pollutant  removal  may  become  a  environmental  liability,  analogous  to 
open  dumps  that  now  must  be  upgraded  or  permanently  closed  in  a  proper  man¬ 
ner.  The  U.S.  Environmental  Protection  Agency  is  just  beginning  to  learn 
the  environmental  hazards  of  poorly  designed  and  maintained  waste  disposal 
sites  and  the  costs  of  upgrading  or  closing  such  sites. 

Treatment  of  storm  water  runoff  by  wetlands  is  also  currently  consider¬ 
ed  a  valuable  service  for  society.  Wetlands  that  receive  urban  or  agricul¬ 
tural  runoff  and  remove  and  retain  N,  P,  BOD,  heavy  metals,  pesticides,  and 
other  toxic  compounds  are  serving  a  natural  treatment  and  storage  function 
that  would  otherwise  be  performed  by  the  receiving  lake  or  river  with  a  con¬ 
comitant  loss  of  water  quality.  The  efficiency  with  which  individual  wet¬ 
lands  trap  and  retain  pollutants  from  storm  water  runoff  is  highly  variable. 
Prentki ,  et  al .  (1978)  report  that  a  Wisconsin  lacustrine  marsh  retained 
only  10  percent  of  annual  P  input  from  storm  water  runoff,  whereas  Hickok, 


et  al .  (1977)  found  that  an  altered  and  managed  lacustrine  wetland  in  Minn¬ 
esota  retained  78  percent  of  P  in  storm  water  input.  Few  additional  studies 
of  storm  water  renovation  by  wetlands  exist,  and  the  fate  and  effects  of 
heavy  metals  and  toxic  compounds  in  wetlands  have  not  been  documented.  The 
factors  that  determine  the  efficiency  of  wetlands  to  renovate  storm  water 
runoff  and  wastewater  are  most  likely  the  same  as  those  that  determine  the 
effectiveness  of  conventional  wastewater  treatment  processes.  Long  water 
residence  times,  low  velocities,  and  high  pollutant  inactivation  and  reten¬ 
tion  capabilities  are  the  general  attributes  for  good  treatment.  But  unlike 
conventional  treatment  units,  the  performance  of  different  types  of  wetlands 
under  different  conditions  for  storm  water  and  wastewater  treatment  has  not 
been  documented  and  analyzed,  therefore,  the  establishment  of  evaluation 
criteria  for  assessing  the  pollutant  removal  efficiency  of  specific  wetland 
areas  must  be  subjective  judgement. 

The  bias  and  prejudices  of  researchers,  as  well  as  their  individual 
perception  of  what  constitutes  the  value  of  wetlands,  is  evident  in  the  lit¬ 
erature.  As  indicated  in  the  Introduction  to  this  section,  freshwater  wet¬ 
lands  were  considered  valuable  for  nutrient  removal;  conversely,  salt  water 
marsh  ecologists  found  considerable  value  in  a  marsh's  ability  to  export  nu¬ 
trients.  Both  perspectives  are  valid;  the  contradiction  emanates  from  dif¬ 
ferent  perspectives  on  what  constitutes  value. 

FACTORS  AFFECTING  WATER  QUALITY  IMPROVEMENT  BY  WETLANDS 

The  actual  or  potential  values  of  wetlands  for  water  quality  improve¬ 
ment  or  wastewater  renovation  currently  cannot  be  confidently  established, 
because  the  number  of  potentially  determinant  factors  for  this  functioning 
is  large  and  their  interactions  are  extremely  complex  and  poorly  understood 
on  an  ecosystem  scale.  More  than  20  factors  have  been  identified  in  the  li¬ 
terature  as  having  significant  effects  on  the  movement  of  nutrients  and  oth¬ 
er  materials  within  and  across  wetland  boundaries.  These  factors  have  been 
grouped  into  biological,  chemical,  and  physical  factors  and  are  listed  be¬ 
low. 

Biological  Factors 


Biological  factors  are  primarily  related  to  internal  nutrient  cycling 
characteristics: 

t  Nutrient/material  uptake  rates  of  vegetation  (Hickok,  et  al ,  1976, 
Novitzki,  1979,  Odum  and  Ewel ,  1976,  Richardson,  et  al . ,  1976  and 
Toth,  1972); 

•  Vegetation  type  (Klopatek,  1975  and  1978,  Prentki,  et  al . ,  1978, 
Sloey,  et  al . ,  1978)  -  some  species  translocate  nutrients  into  un¬ 
derground  storage  whereas  other  species  act  as  nutrient  pumps;  only 
in  the  case  of  large  trees  can  the  nutrient  storage  capacity  be  con¬ 
sidered  permanent; 
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•  Primary  production  rates,  plant  size,  and  biomass  per  unit  area 
(Valiela,  et  a!.,  1976,  Sloey,  et  al.,  1978); 

•  Diversity  and  number  of  biotopes  (Blumer,  1978)  -  although  Whigham 
and  Bayley  (1979)  found  no  trends  with  diversity; 

•  Denitrification  potential  (Axelrad,  et  al.,  1974,  Engler  and  Pa¬ 
trick,  1974,  Richardson,  et  al . ,  1976,  Valiela,  et  al . ,  1976  and 
1978)  -  denitrification  potential  depends  upon  the  depth  of  overly¬ 
ing  water,  organic  content  of  sediment,  nature  of  aerobic-anaerobic 
zone,  and  diffusion  of  nitrate;  and 

•  Microbial  activity  (Hickok,  et  al . ,  1976,  Toth,  1972). 

Chemical  Factors 

•  Material  input  rate  to  wetland  (Sloey,  et  al . ,  1978,  Prentki ,  et 
al.,  1978); 

•  Pollutant  type; 

•  Sediment  physiochemical  conditions  -  Eh,  pH,  and  salinity  (Patrick, 
1977); 

§  Sediment  binding  capacity  for  materials  (Bender  and  Correll,  1974, 
Odum  and  Ewell,  1976,  Richardson,  et  al.,  1976)  -  although  sediments 
have  no  binding  capacity  for  nitrogen;  and 

•  Organic  content  of  substrate  (Whigham  and  Bayley,  1979). 

Physical  Factors 


•  Water  retention  time  on  wetland  (Huber,  et  al.,  1976,  Kadlec  and 
Tilton,  1978); 

•  Hydroperiod  (Sloey,  et  al.,  1978,  Heinle  and  Flemer,  1976); 

•  Water  circulation  patterns  in  adjacent  water  body  (Valiela,  et  al., 
1978); 

•  Sedimentation/physical  entrapment  (Hickok,  et  al.,  1977,  Novitzki, 
1979,  Valiela,  et  al.,  1976,  Spangler,  et  al . ,  1976); 

•  Aeration  of  surface  sediment  (Sloey,  et  al .  1978); 

•  Diffusion  rates  of  intertidal  water  into  overlying  water  (Gardner, 
1976); 

t  Ice  scouring  (Heinle  and  Flemer,  1976); 
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•  Size  of  wetland  area  (Kadlec  and  Tilton,  1978); 

•  Orientation  of  wetland  to  wind  for  removal  of  floating  material 
(Valiela,  et  al.,  1978);  and 

•  Season  of  year  (Sloey,  et  al.,  1978,  Kadlec  and  Tilton,  1978). 

The  above  factors  have  been  thought  to  be  significant  in  determining 
the  pollutant  and  nutrient  removal  efficiency  or  exportation  rate  of  materi¬ 
als  by  specific  wetlands.  None  of  the  studies  have  been  performed  under 
controlled  experimental  conditions  where  the  effect  of  a  single  factor  has 
been  evaluated  and  all  other  factors  held  constant;  therefore,  the  effects 
of  any  of  the  factors  have  not  been  quantified.  Moreover,  the  experimental 
conditions,  methods,  measured  parameters,  and  time  frame  were  not  consistent 
across  most  studies  and,  therefore,  valid  comparisons  between  studies  are 
not  possible.  For  these  reasons,  determining  what  factors  are  important  and 
under  what  conditions  is  not  possible.  The  current  state-of-the-art  of  de¬ 
termining  what  factors  control  the  water  quality  improvement  functioning  of 
wetlands  is  analogous  to  attempting  to  solve  simultaneous  equations  for 
which  there  are  many  more  unknowns  than  there  are  equations. 

EVALUATION  CRITERIA  AND  PROCEDURES  FOR  THE  WATER  QUALITY  IMPROVEMENT  FUNC¬ 
TION  OF  WETLANDS 

General  Evaluation  Criteria 


Many  factors  influence  wetland  functioning  for  water  quality  improve¬ 
ment.  The  data  base  for  material  fluxes  through  wetlands  is  too  small  to 
quantify  the  effects  of  individual  factors  and  their  interactions.  There¬ 
fore,  the  development  of  quantitatively  defensible  criteria  and  procedures 
to  determine  the  nature  and  magnitude  of  material  fluxes  for  general  wetland 
types  and  specific  wetland  areas  is  not  possible.  Furthermore,  assigning  a 
"value  to  society”  of  observed  or  predicted  attributes  of  a  wetland  requires 
a  value  judgement  by  the  evaluator.  A  commonly  accepted  definition  of  the 
term  "wetland"  is  only  now  emerging  through  regulatory  processes,  and  a  va¬ 
riety  of  functional  and  descriptive  classification  schemes  for  wetlands  have 
been  proposed.  Historically,  wetlands  were  considered  wastelands  that  ought 
to  be  reclaimed  for  the  benefit  of  society;  subsequently,  wetlands  were 
viewed  as  valuable  habitats  for  fish  and  wildlife  and  as  critical  components 
of  natural  ecosystems.  Now,  wetlands  are  being  promoted  as  natural  treat¬ 
ment  units  for  water  and  wastewater  improvements,  i.e.,  "wastelands". 

Significant  advances  are  continually  being  made  by  wetland  scientists 
in  their  attempts  to  understand  the  role  and  functioning  of  wetlands  in  nat¬ 
ural  and  human  systems.  The  1978  National  Symposium  on  Wetlands  (see  Gree- 
son,  et  al.,  1979)  was  an  excellent  effort  to  integrate  scientists'  know¬ 
ledge  of  wetlands  and  regulators'  needs  for  decision-making  rules;  regula¬ 
tors  do  not  have  many  facts  upon  which  to  base  dredge-and-fill  permitting 
decisions  and  scientists  are  reluctant  to  provide  guidance  without  facts. 
Nevertheless,  the  purpose  of  this  study  was  to  review  the  state  of  our  know¬ 
ledge  with  respect  to  several  wetland  functions  and  to  generate  evaluation 
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criteria  and  procedures.  Therefore,  the  authors  have  developed  the  follow¬ 
ing  general  rule  and  procedures  to  assess  the  value  of  general  wetland  types 
and  specific  wetland  areas  for  water  quality  improvement. 

The  following  general  rule  was  formulated  based  on  the  literature  re¬ 
view: 


The  values  of  general  wetland  types  for  water  quality  improvements 
under  natural  conditions  and  on  a  per  unit  area  basis  are  all 
equal  and  their  value  is  minimal  for  this  function.  Specific  wet¬ 
land  areas  may  be  valuable  to  society  as  water  purifiers,  but  only 
site-specific  analyses  can  determine  whether  their  direct  or  in¬ 
direct  effects  on  regional  water  quality  is  ecologically  or  soci¬ 
ally  significant. 

This  general  rule  is  based  upon  our  literature  review  and  the  assump¬ 
tion  that  a  wetland  must  significantly  benefit  local  water  quality  to  have  a 
significant  value  for  water  quality  improvement,  rather  than  for  a  waste 
disposal  function.  In  order  to  significantly  affect  local  water  quality,  a 
wetland  must  have  a  high  surface-water  output  volume  and  a  high  pollutant 
removal  efficiency;  otherwise,  significant  quantities  of  pollutants  cannot 
be  removed  or  prevented  from  entering  the  receiving  water.  The  following 
ratings  for  these  attributes  of  the  four  major  wetland  types  have  been  as¬ 
signed  based  upon  the  existing  data  base  and  hydrologic  characteristics: 


Wetland  Type 

Surface  Discharge  Rate 

Pollutant  Removal 
Efficiency 

Estuarine 

high 

low 

Ri veri ne 

medium 

medium 

Lacustrine 

medium 

medium 

Palustrine 

low 

high 

By  this  evaluation  scheme  estuarine,  riverine,  lacustrine,  and  palus- 
trine  wetlands  have  equal  value  to  society  for  water  quality  improvement  be¬ 
cause  the  combination  of  surface  discharge  volume  and  pollutant  removal  ef¬ 
ficiency  for  a  given  pollutant  loading  and  receiving  water  quality  tends  to 
make  them  equally  significant. 

Site-Specific  Evaluation  Criteria 

Our  general  rule  for  evaluating  wetlands  for  water  quality  improvement 
is  that  no  a  priori  reason  for  assigning  a  high  value  rating  to  one  type  of 
wetland  over  another  exists;  estuarine,  marine,  riverine,  lacustrine,  and 
palustrine  wetlands  have  beens  assumed  to  have  the  same  minimal  value  to  so¬ 
ciety  for  water  quality  improvement  under  natural  conditions  and  on  a  per 
unit  area  basis.  For  specific  wetland  areas,  any  or  all  of  the  factors 


which  potentially  affect  the  water  quality  improvement  functioning  of  wet¬ 
lands  (listed  previously)  may  be  important.  Only  direct  measurement  of  pol¬ 
lutant  retention  by  a  wetland  area  and  assessment  of  its  significance  to  lo¬ 
cal  water  quality  can  determine  the  true  value  of  a  wetland  area  for  water 
quality  improvement.  Establishing  quantitative  site-specific  evaluation 
criteria  and  value-rating  scales  for  the  water  quality  improvement  function 
of  wetlands  cannot  be  justified  on  the  basis  of  the  existing  data  base. 
However,  the  following  general  guidelines  or  criteria  may  be  useful  for  mod¬ 
ifying  the  general  rule  of  minimal  value  for  water  quality  improvement  by 
considering  site-specific  conditions. 

Wetland  Vegetation— 

All  vegetated  wetlands  store  materials  as  plant  tissue  during  the  grow¬ 
ing  season  and  over  a  longer  period  for  woody  plant  species  and,  therefore, 
have  the  potential  to  assimilate  potential  pollutants.  The  greater  the 
aboveground  plant  biomass  for  individual  plant  species,  the  greater  is  the 
potential  to  assimilate  pollutants.  However,  most  researchers  agree  that 
material  uptake  by  rooted  plants  primarily  occurs  through  the  root  system 
and  from  the  sediments.  Therefore,  plant  growth  does  not  directly  contri¬ 
bute  to  water  quality  improvement  and  only  woody  plants  directly  contributes 
to  water  quality  improvement  by  long-term  storage  of  potential  pollutants. 
Annual  plants  may  actually  contribute  to  water  quality  degradation  by  pump¬ 
ing  pollutants  from  the  sediments  and  releasing  them  to  the  overlying  water 
for  export  during  plant  decay. 

Plant  stem  density  would  appear  to  be  a  valid  evaluation  criteria  for 
the  value  of  a  wetland  for  water  quality  improvement,  not  from  a  biological 
standpoint,  but  from  a  physical  entrapment  standpoint.  High  densities  of 
root  stems  effectively  reduce  water  velocities  through  a  wetland  and,  there¬ 
by,  enhance  sedimentation  and  physical  entrapment  of  solids. 

Epiphytic  plants,  non-rooted  plants  on  the  sediment  surface  and  ani¬ 
mals  improvide  the  water  quality  potential  by  directly  removing  pollutants 
from  the  water,  analogous  to  a  trickling  filter  unit  in  a  waste  treatment 
plant.  Therefore,  wetlands  with  dense  epiphytic  and  edaphic  biotic  communi¬ 
ties  have  a  higher  value  for  water  quality  improvement  than  wetlands  with 
low  densities  of  these  plants.  Furthermore,  wetlands  with  dense  epiphytic 
and  edaphic  growths  and  with  flow-through  hydrologic  characteristics  must 
improve  water  quality,  because  the  dense  growths  are  supported  by  high  mate¬ 
rial  concentrations  in  the  flowing  water. 

Local  Water  Quality- 

Wetlands  cannot  have  a  significant  value  for  water  quality  improvement 
unless  there  are  local  water  quality  problems.  This  criteria  applies  pri¬ 
marily  to  estuarine,  riverine,  and  lacustrine  wetlands  because  these  wetland 
types  are  surface-water  slope'  wetlands  and  receive  their  water  form  the  ad¬ 
jacent  water  body.  If  local  water  quality  is  excellent,  then  fringing  wet¬ 
lands  cannot  be  improving  water  quality.  However,  all  wetland  types  may 
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help  maintain  good  water  quality  by  acting  as  buffers  against  water  quality 
degradation.  If  the  distribution  of  pollutants  among  the  plant,  soil,  and 
water  components  of  a  wetland  are  in  some  sort  of  equilibrium  under  steady 
state  conditions,  then  an  increase  in  pollutant  concentration  in  incoming 
water  should  cause  an  increase  in  pollutant  storage  in  the  wetland.  Simi¬ 
larly,  if  a  wetland  is  filling  in  or  accreting,  then  the  increased  sediment 
volume  should  contain  corresponding  increases  in  pollutant  storage;  as  an 
example,  Oelaune,  et  al .  (1978)  estimated  that  the  input  rate  of  N  and  P  to 
a  Louisiana  salt  marsh  by  sedimentation  was  210  and  16.5  Kg/ha-yr,  respec¬ 
tively.  All  deposited  pollutants  do  not  remain  in  the  wetland,  but  a  net 
increase  in  sediment  volume  should  result  in  a  net  increase  in  pollutant 
storage. 

Wetland  Size  and  Subareas — 

Large  wetlands  have  greater  value  for  water  quality  improvement  than  do 
small  ones  simply  because  there  is  more  surface  area  for  pollutant  removal 
processes  to  proceed.  For  a  given  pollutant  loading,  the  total  pollutant 
removal  efficiency  will  be  greater  in  a  large  wetland,  even  though  the  re¬ 
moval  efficiency  per  unit  area  may  be  the  same  throughout  the  wetland.  How¬ 
ever,  the  value  per  unit  area  of  wetland  may  not  be  equal  throughout  a  large 
wetland  or  the  incremental  value  of  additional  surface  area  in  large  wet¬ 
lands  may  be  minimal  because  all  sections  of  a  wetland  may  not  be  removing 
the  same  amount  of  material.  The  center  of  a  riverine,  lacustrine,  or  es¬ 
tuarine  wetland  may  not  receive  the  same  pollutant  load  as  the  edges  because 
most  of  the  pollutants  are  retained  by  the  upland  or  waterside  sections  of 
the  wetland  or  the  flow-through  water  volume  at  the  center  may  be  less  than 
that  near  the  edges.  The  situation  is  analogous  to  overland  flow  treatment 
of  wastewater:  a  fixed  land  area  under  defined  conditions  is  necessary  for 
a  given  level  of  treatment  and  waste  load;  any  additional  downhill  land  area 
is  not  utilized  for  treatment. 

In  depress ion- type  wetlands  the  center  portions  are  perhaps  the  most 
active  and  valuable  for  pollutant  retention  because  materials  tend  to  accum¬ 
ulate  on  the  bottom  of  the  depression;  as  an  example,  cypress  domes  are 
dome-shaped  because  tree  growth  and  material  uptake  are  greatest  in  the  cen¬ 
ter  of  the  depression. 

Wetland  Shape- 

Elongated  wetlands  or  wetlands  with  a  high  circumference  to  surface 
area  ratio  have  a  higher  value  for  water  quality  improvement  than  do  circu¬ 
lar  wetlands  with  the  same  area.  The  magnitude  of  pollutant  removal  is  pre¬ 
sumed  to  be  greatest  at  the  edges  of  a  wetland  and  removal  efficiency  is 
presumed  to  be  maximized  if  water  flows  diffusely  over  a  wetland.  There¬ 
fore,  the  greater  the  edge  distance  per  unit  wetland  area,  the  greater  will 
be  the  pollutant  removal  efficiency  per  unit  area. 
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Wetland  Location- 

Wetlands  close  to  existing  sources  of  pollution  have  a  greater  water 
quality  improvement  value  to  society  than  do  wetlands  in  remote  areas.  Wet¬ 
lands  that  fringe  agricultural  or  urbanized  areas  and  that  receive  non-point 
runoff  from  these  land-uses  can  be  extremely  valuable  for  trapping  pollu¬ 
tants,  particularly  sediment,  heavy  metals,  pesticides,  and  other  toxic  com¬ 
pounds,  if  the  wetlands  are  able  to  slow  water  velocities  to  less  than  one 
foot  per  second  and  retain  the  runoff  at  least  one  hour  for  sedimentation  to 
occur.  However,  narrow  fringes  of  wetlands  around  agricultural  or  urban 
areas  probably  do  not  remove  a  significant  proportion  of  the  pollutant  load 
in  storm  water  runoff  because  the  water  residence  time  in  the  wetland  area 
is  too  short. 

Wetlands  near  point-source  discharge  points  for  municipal  or  industrial 
wastewater  have  a  potentially  high  value  for  water  quality  improvement  be¬ 
cause  they  may  provide  significant  additional  treatment  to  the  wastewater 
before  it  leaves  the  mixing  zone.  The  wastewater  must  flow  over  the  wetland 
prior  to  reaching  the  receiving  water,  otherwise  this  evaluation  criteria  is 
the  same  as  the  local  water  quality  criteria.  The  effectiveness  of  natural 
wetlands  for  wastewater  renovation  is  currently  an  area  of  active  research 
(see  Good,  et  al.,  1978  and  Greeson,  et  al.,  1979  for  discussions).  Howev¬ 
er,  without  sufficient  wetland  area  available  for  treatment,  the  value  for 
wastewater  renovation  cannot  be  significant;  for  example,  an  experimental 
50  acre  artificial  marsh-pond  system  provided  approximately  90  percent  N  and 
P  removal  from  secondary  sewage  effluent  of  10,000  people  in  New  York  (Wood- 
well,  1977). 

Water  Residence  Time  and  Velocity— 

Long  water  residence  times  and  low  water  velocities  in  wetlands  provide 
good  pollutant  removal  efficiences  by  allowing  biological  uptake  and  physi¬ 
cal  settling  of  pollutants  to  occur.  If  the  hydrology,  physical  character¬ 
istics,  and  pollutant  loading  to  a  specific  wetland  area  are  known,  then  the 
pollutant  removal  efficiency  and  magnitude  for  the  particular  wetland  and 
particular  pollutant  could  be  estimated  using  conventional  sanitary  engi¬ 
neering  principles.  In  conventional  settling  basins,  good  particle  settling 
is  achieved  in  eight  hours  with  water  velocities  less  than  one  foot  per  sec¬ 
ond.  Flow-through  time  for  a  secondary  treatment  works  is  typically  on  the 
order  of  one  day,  whereas  the  residence  time  in  a  sewage  lagoon  is  seldom 
less  than  30  days.  Silt-size  particles  will  settle  in  stagnant  water  within 
two  hours,  whereas  clay-size  particles  will  not.  However,  without  detailed 
site-specific  calculations,  the  significance  and  the  value  of  an  individual 
wetland  for  water  quality  improvement,  even  based  strictly  upon  physical 
settling,  cannot  be  reasonably  estimated. 

Hydraulic  Loading— 

The  hydraulic  load  to  a  wetland  does  not  directly  relate  to  the  value 
of  a  wetland  for  water  quality  improvement  unless  the  pollutant  removal 


efficiency  of  a  wetland  type  Is  known  to  be  constant  for  a  wide  range  of  hy¬ 
draulic  loads.  If  the  pollutant  removal  efficiencies  and  pollutant  loads  of 
two  wetlands  are  equal,  then  the  wetland  with  the  greater  hydraulic  load 
should  have  a  greater  value  for  water  quality  improvement  because  it  retains 
more  pollutant.  However,  hydraulic  load  and  pollutant  removal  efficiency 
are  assumed  to  be  inversely  proportional ,  e.g.,  high  hydraulic  loads  per 
unit  area  do  not  permit  high  pollutant  removal  efficiency.  Therefore,  hy¬ 
draulic  loading  is  not  a  useful  single  indicator  of  wetland  value. 

Water  residence  time  and  the  distribution  in  time  and  space  of  the  hy¬ 
draulic  load  must  also  be  considered  when  evaluating  the  significance  of  a 
given  hydraulic  load.  If  water  inputs  to  a  wetland  are  uniformly  distribut¬ 
ed  £ver  time  and  space,  then  water  residence  time  in  the  wetland  should  be 
relatively  constant  during  the  year  and  the  wetland  should  have  maximum  pol¬ 
lutant  removal  capabilities.  A  wetland  that  receives  much  of  its  annual  hy¬ 
draulic  load  during  a  few  storm  events  and  does  not  retain  the  water  for  se¬ 
veral  days  cannot  have  a  significant  value  for  water  quality  improvement  be¬ 
cause  the  flow-through  time  is  too  short.  For  example,  Mitsch,  et  al . 
(1977)  found  that  a  riverine  swamp  retained  less  than  5  percent  of  P  input 
from  flood  waters. 

On  the  other  hand,  wetlands  cannot  have  much  value  to  society  for  water 
quality  improvement  unless  they  improve  the  quality  of  a  significant  volume 
of  water  or  retain  a  significant  amount  of  pollutant  that  would  otherwise 
reach  a  receiving  water.  Intertidal  wetlands  may  have  the  same  pollutant 
removal  efficiency  for  heavy  metals,  for  example,  regardless  of  the  hydraul¬ 
ic  load;  therefore,  if  this  is  true,  tidal  wetlands  with  greater  tidal  rang¬ 
es  should  have  a  greater  value  for  heavy  metal  removal  than  tidal  wetlands 
with  lower  tidal  ranges.  The  water  residence  time  on  a  tidal  wetland  will 
depend  on  the  tidal  frequency  and  not  the  tidal  amplitude  (hydraulic  load). 
Whether  the  water  velocities  and  settling  efficiency  on  the  wetland  will 
change  significantly  with  differences  in  tidal  amplitude  depends  upon  local 
hydraulic  characteristics. 

Some  wetlands  may  have  a  low  hydralic  loading  rate  and  low  surface  dis¬ 
charge  volumes  but  receive  and  retain  significant  amounts  of  pollutants  from 
agricultural  or  storm  water  runoff.  These  types  of  wetlands  indirectly  ben¬ 
efit  local  water  quality  by  preventing  pollutants  from  reaching  surface-  wa¬ 
ters  and,  therefore,  are  quite  valuable  from  a  water  quality  maintenance 
standpoint. 

RESEARCH  NEEDS 

From  a  regulatory  standpoint.  Corps  of  Engineers  personnel  need  to  be 
able  to  assess  the  value  to  society  of  specific  wetland  areas  for  water 
quality  improvement.  The  environmental  Impacts  of  a  proposed  dredge  and 
fill  activity  can  only  be  accurately  assessed  if  the  value  of  a  wetland  area 
can  be  determined  for  existing  conditions  and  reasonably  estimated  for  fu¬ 
ture  conditions.  This  study  has  shown  that  the  existing  data  base  for  water 
quality  improvement  functioning  of  wetlands  is  too  small  to  formulate  defen¬ 
sible  guidelines,  rules,  or  models  for  assigning  value  to  specific  wetland 


areas  without  intensive  site-specific  investigations.  The  basic  need  is 
more  relevant  quantitative  information  about  all  types  of  wetlands  under 
widely  varying  conditions  and  for  all  types  of  pollutants.  In  addition  to 
quantitative  information  about  wetlands  and  water  quality,  better  definition 
of  societal  values  and  significance  levels  for  water  quality  improvement  is 
needed. 

To  provide  useful  information  for  404  permit  application  reviews  on  a 
nationwide  basis  for  all  wetland  and  pollutant  types,  a  nationwide  data  col¬ 
lection  program  is  required.  The  program  must  be  coordinated,  designed, 
directed,  and  evaluated  by  a  single  organization;  otherwise,  the  existing 
data  base  for  the  water  quality  improvement  functioning,  which  is  inconsist¬ 
ent,  incomparable,  and  incomplete,  will  only  become  larger  without  becoming 
more  useful.  Furthermore,  the  program  must  be  interdisciplinary,  involving 
hydrologists,  biologists,  chemists,  geologists,  climatologists,  and  sanitary 
engineers. 

The  need  to  coordinate  and  standardize  a  research  program  is  obvious 
from  reviewing  the  information  in  Table  1  of  this  report.  Different  re¬ 
searchers  are  studying  different  wetland  types  for  varying  lengths  of  time, 
measuring  different  parameters,  reporting  different  units  for  the  same 
parameters,  and  making  different  conclusions  based  on  similar  results. 
Academic  scientists  strive  to  maintain  their  own  identity  and,  therefore, 
often  to  utilize  novel  and  innovative  approaches  and  techniques  in  their 
studies.  Consequently,  few  data  among  studies  are  directly  comparable.  Too 
many  potentially  important  factors  that  determine  the  biological,  chemical, 
and  physical  pollutant  removal  value  of  wetlands  in  the  United  States  need 
to  be  evaluated  without  including  factors  for  analytical  techniques  and  fi¬ 
eld  approaches. 

Coordination  among  sponsoring  organizations  also  needs  to  be  implement¬ 
ed  to  maximize  the  collection  of  useful  information.  Numerous  federal, 
state,  and  private  organizations  need  answers  to  similar  questions  about 
wetlands  and  water  quality  and  could  contribute  resources  and  knowledge  to  a 
joint  research  program.  However,  just  as  academic  researchers  need  their 
own  identity,  so  do  governmental  agencies.  The  outlook  for  a  comprehensive 
interagency  research  program  for  evaluating  the  water  quality  improvement 
functioning  of  wetlands  is  not  good. 

Identifying  specific  research  needs  and  approaches  for  filling  the  gaps 
in  knowledge  relative  to  assessing  wetland  values  for  water  quality  improve¬ 
ment  is  not  the  optimal  plan  at  this  time.  From  the  standpoint  of  Corps  in¬ 
formation  need-  to  administer  the  dredge  and  fill  permit  program,  there  are 
more  gaps  in  knowledge  than  there  are  entries.  For  example,  if  the  value  of 
U.S.  wetlands  for  water  quality  improvement  could  be  based  on  just  four  fac¬ 
tors,  1)  wetland  type,  2)  geographical  region  location,  3)  pollutant  load¬ 
ing,  and  4)  hydraulic  loading,  and  Corps  personnel  only  had  to  deal  with 
four  wetland  types,  six  geographical  regions,  three  levels  of  pollutant 
loading,  and  three  levels  of  hydraulic  loading  during  permit  review,  then 
there  are  216  unique  combinations  of  these  factors  that  could  be  encountered 


by  Corps  personnel.  Since  our  review  of  the  literature  only  identified  ap¬ 
proximately  30  relevant  studies,  most  of  which  did  not  report  comparable  da¬ 
ta,  the  futility  in  attempting  to  fill  data  gaps,  rather  than  develop  an  en¬ 
tire  research  program,  is  apparent.  For  these  reasons,  a  structured,  coor¬ 
dinated,  and  nationwide  research  program  with  several  phases  is  recommended 
in  order  to  develop  useful  and  valid  information  for  assessing  the  water 
quality  improvement  value  of  wetlands  throughout  the  United  States. 

A  three-phased  research  program  for  determining  and  understanding  the 
water  quality  improvement  functioning  of  wetlands  should  be  implemented: 

•  Phase  I  -  Nationwide  Survey  of  Material  Fluxes  through  Wetlands; 

•  Phase  II  -  Model  Development  and  Verification;  and 

•  Phase  III  -  Detailed  and  Long-Term  Field  Studies. 

This  type  of  program  would  provide  an  initial  comprehensive  data  base  for 
estimating  the  pollution  control  value  of  specific  wetlands  throughout  the 
United  States  and  longer-term  efforts  to  understand  and  better  predict  the 
water  quality  improvement  function  of  wetlands. 

Phase  I.  Nationwide  Survey  Of  Material  Fluxes  Through  Wetlands 

This  phase  would  be  an  extensive  short-term  data  collection  effort  to 
obtain  information  of  material  fluxes  through  many  different  types  of  wet¬ 
lands  under  widely  varying  conditions.  Input  and  output  measurements  for 
many  potential  pollutants  and  for  approximately  400  wetland  sites  would  pro¬ 
vide  an  adequate  data  base  from  which  the  effects  of  physical,  chemical,  and 
biological  factors  could  be  assessed.  The  primary  objective  of  Phase  I  is 
to  explore  the  relationships  among  material  fluxes  through  wetlands  and  eas¬ 
ily  measured  wetland  attributes  and  to  generate  simple  descriptive  expres¬ 
sions  that  will  estimate  material  fluxes  through  any  wetland  with  minimal 
data  input.  A  large  diverse  data  set  can  be  explored  using  a  variety  of 
multivariate  statistical  techniques  and  the  conclusions  from  the  statistical 
analyses  will  be  immediately  useful  for  Corps  personnel  who  must  know  the 
magnitude  of  pollutant  removal  of  an  individual  wetland  area  without  neces¬ 
sarily  understanding  the  mechanisms.  Phase  I  should  be  accomplished  in  four 
tasks. 

Task  I  -  Planning — 

The  objectives  of  Phase  I  and  the  probable  effectiveness  of  meeting 
these  objectives  must  be  clearly  defined.  The  sampling  design- and  proposed 
statistical  analyses  must  be  defined  in  detail.  Site  selection  criteria  and 
field  and  laboratory  methods  must  be  selected  and  standardized.  A  data  man¬ 
agement  plan  must  be  formulated  and  tested.  Resources  must  be  made  availa¬ 
ble  and  budgeted.  * 


Task  II  -  Site  Identification-- 

Development  of  a  detailed  sampling  design  will  indicate  how  many  and 
what  type  of  wetland  sites  are  necessary.  If  five  major  wetland  types  (es¬ 
tuarine,  riverine,  lacustrine,  marine  and  palustrine),  six  geographical  re¬ 
gions,  three  hydraulic  loading  rates,  and  three  pollutant  loading  rates  are 
to  be  evaluated  for  their  effects  of  material  fluxes  through  wetlands,  then 
270  unique  combinations  of  these  factors  are  required  for  a  factorial  sampl¬ 
ing  design.  Two  wetlands  (replicates)  with  same  factor  combinations  should 
be  sampled  so  that  the  interactive  or  synergistic  effects  of  these  factors 
can  be  evaluated;  therefore,  540  wetland  sites  with  defined  attributes  must 
be  identified.  Estuarine  wetlands  do  not  exist  in  all  sections  of  the  U.S. 
and,  therefore,  the  factorial  design  cannot  be  complete. 

Once  the  number  and  types  of  wetland  sites  in  each  geographical  region 
have  been  determined,  then  eligible  sites  with  the  appropriate  attributes 
must  be  identified.  The  National  Wetland  Inventory,  state  governments,  fed¬ 
eral  agencies,  and  wetland  ecologists  will  be  useful  sources  of  information 
during  the  search  for  eligible  sites.  Site  selection  can  be  random  from  the 
list  of  eligible  sites  in  each  category  or  intentionally  based  on  maximum 
variability  of  other  wetland  characteristics. 

Task  III  -  Data  Collection — 

Once  the  sites,  methods,  parameters,  and  contractors  have  been  select¬ 
ed,  data  collection  can  proceed.  Ideally,  data  sampling  collection  at  each 
site  would  be  conducted  on  a  seasonal  basis  over  an  entire  year.  Annual  wa¬ 
ter  budgets  for  each  site  will  be  necessary  and  mass  loadings  of  materials 
from  all  sources  and  outputs  will  have  to  be  estimated. 

Task  IV  -  Data  Analysis  and  Interpretation-- 

If  540  sites  are  sampled  4  times  in  a  year  for  15  or  more  water  quality 
parameters  and  20  or  more  physical  attributes  are  also  recorded,  then  the 
size  of  the  resultant  data  base  would  be  substantial.  Statistical  analysis 
techniques  such  as  principal  component  analysis,  factor  analysis,  and  cano¬ 
nical  correlations  are  useful  multivariate  techniques  for  examining  the 
structure  and  interrelationships  of  large  data  bases  and  would  indicate  what 
factors  appear  to  be  associated  and  their  relative  importance  in  relation  to 
material  fluxes  through  wetlands.  Stepwise  multiple  regression  analyses 
could  be  utilized  to  generate  descriptive  equations  that  would  best  estimate 
material  fluxes  for  individual  wetlands  on  the  basis  of  one  or  more  easily 
measured  wetland  attributes.  Such  statistical  techniques  yield  valid  tools 
for  predicting  the  water  quality  improvement  value  of  specific  wetlands  but 
they  do  not  elucidate  the  causes  or  mechanisms  of  pollutant  removal.  Re¬ 
gression  expressions  would  be  useful  for  Corps  personnel  to  estimate  the 
value  of  individual  wetlands^  because  they  are  derived  from  observed  facts 
rather  than  subjective  judgement. 


Phase  1 1  -  Model  Development  And  Verification 


This  phase  would  utilize  the  data  base  and  output  from  Phase  I  to  form¬ 
ulate  and  calibrate  deterministic  models  for  the  water  quality  improvement 
functioning  of  wetlands.  The  statistical  approach  in  Phase  I  provides  in¬ 
formation  on  the  easily  measured  factors  that  seem  to  be  significantly  asso¬ 
ciated  with  material  fluxes  through  wetlands,  but  it  does  not  necessarily 
identify  causal  factors.  Ecosystem  modeling,  either  simple  or  complex, 
would  be  the  next  step  in  attempting  to  understand  causal  relationships  in 
wetlands  and  perhaps  refine  the  predictive  capabilities  for  water  quality 
improvement  functioning  of  wetlands.  Systems  ecologists  would  review  the 
results  and  conclusions  of  Phase  I,  identify  the  seemingly  important  ecosys¬ 
tem  components  for  pollutant  removal,  and  develop,  calibrate,  and  verify 
predictive  models  during  this  phase.  This  objective  of  Phase  II  could  be 
accomplished  in  four  tasks: 

•  Task  I:  Planning  -  develop  work  plans  and  assemble  project  person¬ 
nel  and  resources; 

•  Task  II:  Model  Development  -  modeling  strategy  should  emphasize 

simplicity  and  generality  as  primary  objectives; 

•  Task  III:  Model  Calibration  -  utilize  the  material  flux  data  from 
Phase  I ;  and 

•  Task  IV:  Model  Verification  -  select  new  wetland  sites  for  addi¬ 
tional  sampling  to  verify  the  validity  of  models. 

Phase  III  -  Detailed  And  Long-Term  Field  Studies 


This  phase  of  the  program  will  include  pure  and  applied  research.  The 
results  of  Phase  I  and  II  will  indicate  what  factors  are  useful  for  predict¬ 
ing  the  water  quality  improvement  functioning  of  wetlands  and  those  factors 
that  seem  to  be  important  but  need  more  study  to  be  fully  understood.  The 
regression  equation  from  Phase  I  will  most  likely  find  associations  between 
certain  wetland  attributes  and  the  level  of  material  flux  through  the  wet¬ 
lands  that  appear  to  be  absurd.  The  modeling  efforts  in  Phase  II  will  at¬ 
tempt  to  sort  out  the  absurd  associations  into  sensible  causal  factors. 
Sensitivity  analyses  of  Phase  II  models  will  identify  the  wetland  components 
and  transfer  functions  most  critical  to  material  fluxes  through  wetlands. 
Therefore,  Phase  I  and  II  will  indicate  aspects  of  wetland  dynamics  that 
need  additional  research  in  order  to  improve  the  predictive  ability  for  ma¬ 
terial  fluxes  through  wetlands. 

Long-term  and  continuous  monitoring  of  material  fluxes  through  selected 
wetland  sites  should  also  be  conducted  during  this  phase.  Phase  I  will  only 
provide  short-term  "snapshots"  of  material  movement  through  wetlands.  Long¬ 
term  verification  and  tuning' of  Phase  II  models  should  be  performed.  One 
specific  question  regarding  the  reported  net  P  export  of  salt  marshes  is 
where  the  P  comes  from  on  a  long-term  basis;  if  P  is  pumped  from  the  sedi¬ 
ments  on  an  annual  basis;  then  the  marsh  must  have  had  a  net  P  accumulation 
in  the  past. 


Pure  research  into  the  fate  and  effects  of  pollutants  in  wetlands,  par¬ 
ticularly  heavy  metals  and  toxic  organic  compounds,  should  be  sponsored  un¬ 
der  this  phase.  The  transport  pathways  and  mechanisms  of  pollutants  within 
wetlands  is  not  directly  relevant  to  assessing  wetland  values  for  water 
quality  improvement,  but  additional  knowledge  of  wetland  dynamics  enhances 
predictive  capability.  The  EPA  has  produced  a  list  of  129  compounds  that 
have  been  called  priority  pollutants  and  is  conducting  fate  and  effects 
studies  in  aquatic  systems;  similar  studies  in  wetland  systems  would  compli¬ 
ment  this  work  and  further  understanding  of  wetlands  and  pollutants. 

Artificial  enrichment  of  wetlands  could  be  included  in  the  Phase  I 
studies  in  order  to  obtain  high  pollutant  loading  conditions  for  all  wetland 
types.  Enrichment  studies  need  to  be  conducted  on  a  long-term  basis  to  de¬ 
termine  the  long-term  effects  of  pollutant  loadings  and  threshold  loading 
values  for  natural  wetlands.  Several  such  studies  are  active  in  the  country 
but  more  should  be  initiated,  particularly  involving  heavy  metals  and  toxic 
organic  compounds.  Natural  wetlands  should  be  utilized  in  these  studies, 
rather  than  artificial  or  altered  wetlands,  because  the  wetland  regulations 
primarily  pertain  to  natural  wetlands  and  not  to  those  that  are  designed  for 
wastewater  renovation. 
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GROUNDWATER  RECHARGE 


INTRODUCTION 

Much  has  been  written  and  said  about  the  capacity  of  wetlands  to  act  as 
groundwater  recharge  areas,  but  there  has  been  only  preliminary  research 
performed  on  this  function  and  the  data  does  not  support  the  contention  that 
wetlands,  in  general,  serve  as  recharge  areas. 

For  this  report,  groundwater  recharge  has  been  defined  as  the  ability 
of  a  wetland  to  supplement  groundwater  storage  through  infiltration/percola¬ 
tion  of  surface-water  to  the  saturated  zone.  The  function  may  occur  on  a 
seasonal  or  annual  basis.  Also  considered  in  this  section,  and  closely  re¬ 
lated  to  the  capacity  of  wetlands  to  function  as  recharge  areas,  is  the  ca¬ 
pacity  of  wetlands  to  augment  base  flow  during  periods  of  low  flow.  The 
available  information,  which  is  not  extensive,  suggests  that  some  wetlands, 
in  some  specific  geologic  settings,  can  function  as  recharge  zones  on  some 
occassions.  The  more  general  case  seems  to  be  that  wetlands  serve  as  dis¬ 
charge  areas  or  in  the  case  of  perched  wetlands,  tend  to  loose  more  water 
through  evapotranspiration  than  similar  topographic  areas  that  do  not  have 
wetland  vegetation. 

In  assessing  the  value  of  a  wetland  to  perform  the  function  of  ground- 
water  recharge  and  base  flow  augmentation,  several  complications  arise.  For 
instance,  in  cases  where  a  mul ti -aquifer  system  with  several  potentiometric 
surfaces  exists,  the  wetland  may  simultaneously  serve  to  remove  water  from 
one  aquifer  while  recharging  another.  More  important  perhaps  is  defining 
groundwater.  Wetlands  often  occur  at  the  interface  of  surface-  and  ground- 
waters.  Indeed,  there  often  is  no  clear  line  delineating  surface-water  from 
groundwater.  More  often,  particularly  in  topographic  and  geologic  condi¬ 
tions  that  favor  wetland  development,  the  hydrologic  properties  are  not 
clear  cut  and  are  in  a  state  of  flux,  varying  both  spatially  and  seasonal¬ 
ly. 

THE  DATA  BASE 

The  data  base  for  evaluating  this  functional  characteristic  of  wetlands 
is  punctuated  by  two  factors:  it  is  sparse  and  what  data  exists  is  concen¬ 
trated  in  specific  geographic  areas,  notably  the  north  central  states,  Flo¬ 
rida,  and  New  England.  The  aim  of  this  literature  search  was  to  identify 
studies  of  specific  wetlands  that  had  developed  quantifiable  data  such  as 
water  budgets.  More  general  discussions  were  used  as  background  informa¬ 
tion,  but  have  not  been  -ncluded  in  this  discussion  unless  they  were  found 
to  be  extremely  useful . 

Description  of  Relevant  Literature 


The  literature  search  identified  16  publications  that  related  to 
groundwater  recharge  by  wetlands.  Table  'd.  summarizes  relevant  information 
presented  in  each  of  these  sources.  A  few  equations  for  infiltration  rates 
were  derived,  but  few  observed  data  exist.  Most  of  the  values  for  recharge 
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TABLE  2.  SUMMARY  OF  LITERATURE  PERTAINING  TO  GROUNDWATER  RECHARGE  FUNCTION  OF  WETLANDS 
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Holzer  (19/3)  Inland  Wetlands  Connecticut  Permeability  a  During  flooding,  a  wetland  may  reduce 

the  peak  flood  flow  by  temporary  stor¬ 
age  as  ground  water 
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spring,  increase  ground  water  re¬ 
charge,  and  thereby  increase  base- 
flow  in  fall 
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Infiltration  ranyes  10-40  percent  of 
out-flow,  depending  on  season 
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were  estimated  from  water  budget  studies  or  by  subtraction  of  observed 
parameters.  The  following  general  conclusions  can  be  made: 

•  All  studies  of  groundwater  recharge  by  wetlands  addressed  freshwater 
systems; 

•  Wetland  types  included  freshwater  swamps  (both  forested  and  shrub 
swamps),  inland  fresh  meadows,  marshes,  bogs,  and  cypress  domes;  No- 
vitzki  (1978)  described  four  general  wetland  types  based  on  hydrolo¬ 
gic  characteristics; 

•  Areas  covered  by  the  research  were  the  northeastern  United  States, 
north  central  United  States,  Georgia,  and  Florida  as  well  as  Western 
Siberia,  U.S.S.R.; 

•  Most  researchers  agreed  that  groundwater  recharge  is  a  possible 
function  of  wetland  areas.  In  practice,  however,  little  or  no  re¬ 
charge  was  attributed  to  wetland  areas.  Recharge  values  typically 
were  less  than  10  percent  of  total  output  in  water  budget  studies; 

•  Groundwater  recharge  is  a  highly  site-specific  function,  depending 
on  factors  such  as:  height  of  water  table,  water  storage  capacity, 
soil  permeability,  wetland  slope,  and  human  factors;  e.g.,  amount  of 
well  pumping  within  the  vicinity.  The  recharge  potential  of  a  wet¬ 
land  was  dependent  on  its  relationship  to  the  aquifer.  Three  cases 
were  identified  in  many  of  the  articles:  1)  a  water  table  wetland 
(groundwater  discharge);  2)  a  perched  wetland,  and  3)  an  artesian 
wetland  (groundwater  discharge).  In  general,  only  perched  wetlands 
have  the  capacity  to  recharge  aquifiers;  and 

•  Opinions  on  the  base  flow  modification  function  were  divided.  Some 
researchers  proposed  (Huber,  et  al.,  1976,  Larson,  et  al.,  1973, 
Mitsch,  1977)  that  wetlands  retain  water  during  the  wet  season  and 
subsequently  serve  as  a  source  of  base  flow  during  dry  periods.  No¬ 
vi  tzki  (1978)  however,  concluded  that  the  degree  of  base  flow  modi¬ 
fication  was  dependent  on  wetland  type;  slope-type  wetlands  reduce 
base  flow  in  the  fall  while  depression  types  increase  it.  Another 
opinion  (Sander,  1976)  is  that  bogs  do  not  act  as  sponges;  rather 
they  release  excess  moisture  during  wet  periods  and  deplete  supply 
during  dry  months. 

R.  R.  Bay,  (1967)  in  a  study  on  forested  peat  bogs  in  Minnesota,  found 
groundwater  recharge  from  both  perched  bogs  and  water  table  aquifers  to  be 
negligible.  He  attributed  this  to  the  relative  impermeabl il ity  of  the  peats 
which  underlay  the  wetlands  studied  and  to  the  impact  of  evaportranspi ra¬ 
tion,  capillarity  within  mosses,  and  other  factors.  With  regard  to  base 
flow.  Bay's  research  indicated  that  in  perched  peat  bogs  and  similar  wet¬ 
lands,  perennial  storage  is  available  to  sustain  flow  during  dry  periods. 
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A  study  conducted  by  Black  (1973)  on  inland  wetlands  in  Connecticut, 
however,  found  that  wetlands  created  from  small  dams  had  significantly  in¬ 
creased  groundwater  recharge  in  severeal  areas.  The  increased  recharge  was 
attributed  to  the  combination  of  increased  head  that  the  dams  afforded. 
These  conditions  were  frequently  associated  with  permeable  soils.  It  should 
be  pointed  out  that  these  wetlands  are  not  frequently  duplicated  in  a  natur¬ 
al  setting. 

Boyt,  et  al . ,  (1977)  in  a  study  of  a  mixed  hardwood  swamp  in  Florida 
established  a  water  budget  for  the  swamp.  The  amount  of  water  infiltrating 
into  the  groundwater  was  established  as  less  than  0.05  percent  of  the  total 
water  entering  the  system.  Infiltration  was  measured  based  on  permeability, 
and  the  potentiometric  gradient.  The  velocity  was  measured  using  the  fol¬ 
lowing  equation. 

V  =  ki 

where: 

V  =  velocity 

k  =  permeability  (1.21  ft/y) 
i  =  potentiometric  gradient  (.00158) 

R.  W.  Heeley  (1973),  in  a  report  on  the  wetland  hydrogeology  of  Massa¬ 
chusetts,  identified  several  factors  contributing  to  a  wetland's  potential 
for  recharging  groundwater.  Much  of  the  discussion  was  based  on  a  recon¬ 
naissance  study  of  groundwater  in  northeastern  Massachusetts  done  by  Baker, 
et  al . ,  in  1964.  Favorable  conditions  established  in  this  study  include: 

•  Sufficient  head; 

•  Permeable  soils  and  unconsolidated  deposits  exposed  at  the  surface; 

•  Low  to  very  low  slopes;  and 

•  Materials  at  the  surface  which  are  not  saturated. 

Generally  wetlands  are  associated  with  organic  (and  relatively  imperme¬ 
able)  soils  and  saturated  conditions.  The  implication  of  the  latter  is  that 
the  wetlands  examined  in  this  report  functioned  as  recharge  areas  on  a  sea¬ 
sonal  basis.  In  this  study,  wetlands  recharged  aquifers  only  in  spring. 
Over  the  remainder  of  the  year  and  for  the  year  as  a  whole,  there  was  a  net 
loss  of  groundwater  in  the  water  budget  through  discharge. 

Hickok,  et  al . ,  (1977),  found  that  a  small  wetland  over  a  glacial  aqui¬ 
fer  that  was  hydrological ly  connected  to  a  lake  in  Minnesota  was  a  discharge 
area.  The  stated  purpose  of  this  publication  was  the  "identification  and 
determination  of  the  feasibility  of  improving  the  quality  of  storm  water 
runoff  by  utilizing  natural  wetlands.  Scientific  data  required  to  help  jus¬ 
tify  the  protection  of  natural  wetlands  were  also  obtained".  Thus,  it  seems 
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that  the  authors  had  a  distinctly  positive  view  of  wetland  functional  char¬ 
acteristics.  In  spite  of  this  perspective,  they  attributed  no  value  to  the 
wetland  for  groundwater  recharge. 

A  study  by  Holzer  (1973)  on  marshes  in  Connecticut  pointed  out  the  im¬ 
pact  of  man  on  the  hydrologic  balance  of  a  wetland.  Specifically,  he  found 
that  excessive  extraction  of  groundwater  from  wells  near  a  riverine  wetland, 
enhanced  the  recharge  potential  of  the  area.  The  head  of  the  wetland  was 
increased  significantly,  resulting  in  an  increased  potential  for  groundwater 
recharge. 

He  went  on  to  point  out  that  most  wetlands  in  Connecticut  formed  either 
in  topographic  lows,  or  in  areas  that  were  underlain  by  nearby  impermeable 
crystalline  rock.  In  either  case,  the  effect  was  that  the  wetlands  tended 
to  function  as  areas  of  groundwater  discharge. 

Huber,  et  al .  1976,  in  a  study  of  marshes  and  swamps  in  Florida,  Odum 
in  a  study  of  cypress  swamps/domes  in  Florida,  and  Mitsch  in  a  study  in  sou¬ 
thern  Illinois  cypress  swamps  and  cypress  domes  concluded  that  basin  lakes 
and  wetlands  can  recharge  groundwater  during  dry  periods.  Huber  developed 
the  HLAND  model  to  depict  interrelations  of  precipitation,  evaporation, 
storage,  base  flow,  and  groundwater.  The  function  attributed  to  basin  lakes 
and  wetlands  is  not  recharge  in  the  sense  of  providing  a  net  increase  in 
storage  over  the  course  of  a  water  year;  '"ather,  it  is  more  of  a  regulatory 
function--a  thermostat  that  monitors  and  controls  extremes  in  precipitation 
and  flow  by  moderating  the  time  response  to  both  inflow  and  outflow. 

In  a  study  of  fresh  water  wetlands  in  Massachusetts,  New  England,  and 
other  glacial  terrain,  Larson  (1976)  lists  useful  criteria  for  evaluating 
the  adequacy  of  wetlands  for  groundwater  supply.  If  test  wells  have  been 
drilled  and  the  geology  of  the  wtJand  area  is  known,  the  following  are  use¬ 
ful; 

•  Transmissivity; 

•  Storage;  and 

•  Quality. 

• 

He  identifies  two  general  types  of  wetlands  in  the  study  area;  a  shallow 
perched  zone  fed  by  flooding  surface  streams  and  a  zone  created  by  the  ac¬ 
tion  of  artesian  groundwater.  Larson  stated  that  wetlands  are  frequently 
associated  in  a  geographic  sense  with  aquifers  that  are  well  suited  for  de¬ 
velopment  of  water  supplies,  but  he  does  not  imply  that  they  necessarily 
function  as  recharge  areas.  Like  Odum  and  Huber,  Larson  identifies  the  pri¬ 
mary  function  of  a  wetland  (regarding  groundwater)  as  that  of  a  regulatory 
or  moderating  force,  storing ^excess  water  during  periods  of  high  inflow  and 
releasing  it  during  dry  perio'ds.  Larson,  too,  recognizes  the  impact  of  man 
on  hydrologic  regimes.  He  states  that  for  each  wetland/aquifer  system, 
there  is  a  "safe  yield".  "Safe  yield"  is  defined  as  "that  amount  of  water 
that  can  be  pumped  without  depleting  the  aquifer  or  without  impairing  the 
quality  of  the  aquifer".  He  recommends  that  detailed  field  investigations 
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be  made  on  a  site  specific  basis  to  determine  potential  impacts  of  extrac¬ 
tion  on  wetlands. 

In  contrast  to  the  findings  of  Larson,  Mitsch  and  Huber;  O'Brien  (1977) 
found  in  a  study  of  two  specific  wetlands  in  eastern  Massachusetts  that 
these  wetlands  served  to  exacerbate  both  low  flow  and  high  flow  conditions. 
Based  on  his  investigation,  O'Brien  found  that  groundwater  flow  accounted 
for  93  percent  of  the  total  annual  discharge  from  the  wetlands  on  an  annual 
basis.  One  of  the  wetlands  served  to  recharge  the  aquifer  on  a  temporary 
basis  during  an  extremely  dry  period  in  the  late  summer  and  early  fall. 
Significantly,  the  water  table  was  at  the  lowest  point  during  this  period; 
this  afforded  the  greatest  hydrologic  head. 

O'Brien's  study  covers  some  of  the  same  geography  as  Larson's,  but 
reaches  substantially  different  conclusions.  For  example,  O'Brien  found 
that  groundwater  entered  the  streams  rapidly  following  a  rain  and  contribut¬ 
ed  significantly  to  storm  crests.  The  study  indicates  that  a  possible  rea¬ 
son  for  this  behavior  is  that  horizontal  permeability  at  both  sites  was 
greater  than  vertical  permeability  and  that  vertical  permeability  decreased 
with  depth.  These  findings  agree  with  studies  done  by  R.  R.  Bay  and  Boelter 
and  Verry  in  the  Northern  Lake  States.  The  effect  of  this  difference  in 
permeability  is  to  cause  rain  to  move  as  interflow;  e.g.,  water  that  infil¬ 
trates  into  the  unsaturated  zone  and  moves  laterally,  usually  to  a  discharge 
point  such  as  a  stream  or  lake. 

In  an  earlier  study  by  Odum,  et  al .  in  1976,  cypress  domes  in  Florida 
were  found  to  function  as  recharge  zones  in  many  cases.  These  domes  fre¬ 
quently  represented  high  areas  of  the  potentiometric  surface  and  recharge 
flowed  radially  from  the  domes  to  the  aquifer.  The  study  also  found  that 
groundwater,  in  many  cases,  discharged  to  the  swamps  when  the  swamps  were  at 
a  low  point  relative  to  the  surrounding  potentiometric  surface.  The  head  of 
the  cypress  dome  was  an  important  factor  in  determining  the  extent  of  re¬ 
charge  occurring;  greater  recharge  accompanied  a  falling  or  low  water  table. 

Sanders  (1976)  conducted  a  study  on  a  small  peat  bog  in  north  central 
Minnesota  and  constructed  an  electric  analog  model  to  simulate  storm  ef¬ 
fects,  bog  discharge  and  recharge  behavior,  and  to  predict  responses  to  a 
variety  of  conditions.  He  concluded  that  the  peat  bog  has  no  value  for  re¬ 
charging  groundwater;  rather,  the  bog  tended  to  release  excess  water  during 
wet  periods  and  deplete  available  supplies  during  dry  periods.  Moreover, 
predictions  of  the  model,  which  were  verified,  indicated  that  the  bog  would 
not  augment  base  flow. 

A  comprehensive  account  of  the  main  swamp  ecosystems  was  developed  by 
Wharton,  et  al .  in  1977.  Within  the  study,  the  Gordon  River  swamp  was  cited 
as  an  example  of  a  wetland  that  functioned  to  recharge  an  aquifer.  Ground- 
water  in  the  Gordon  River  system  is  found  in  deep  aquifers  and  in  shallow, 
superficial  aquifers  found  ill  the  sands  of  former  beach  ridges  which  lie 
near  the  surface.  The  deeper  aquifer  is  extremely  saline  and  consequently 
supplies  are  taken  from  the  shallow  aquifer  which  has  only  about  a  one  year 
storage.  The  sands  border  the  Gordon  River  swamp  and  the  swamp  serves  to 
recharge  the  aquifer  at  a  relatively  gradual  rate. 
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Di scussion 


It  is  significant  to  note  that  while  nearly  every  researcher  acknow¬ 
ledged  that  groundwater  recharge  was  a  possible  function  of  wetlands,  in 
studies  utilizing  actual  field  measurements,  only  one  (Odum,  1976)  assigned 
a  significant  recharge  value  to  the  wetland(s)  studied.  In  the  case  of 
Odum's  study,  an  important  factor  in  assessing  a  wetlands  capacity  to  re¬ 
charge  an  aquifer  was  the  location  of  the  site  on  the  potentiometric  sur¬ 
face.  The  greater  the  head,  the  higher  the  potential  for  recharge. 

The  research  showed  a  disproportionate  amount  of  palustrine  wetlands 
studied.  Of  these,  the  studies  focused  on  glacial  terrain.  Three  classifi¬ 
cations  applying  to  palustrine  and  upland  wetlands  appeared  in  the  litera¬ 
ture  consistently,  particularly  relating  to  peat  bogs: 

•  Water  table  wetlands  include  areas  where  the  groundwater  table  in¬ 
tersects  the  surface.  They  are  primarily  groundwater  discharge 
areas. 

•  Perched  wetlands  include  wetlands  that  are  underlain  by  highly  or¬ 
ganic  soils  such  as  peat  or  extremely  fine  grained  soils  such  as 
fine  glacial  tills  or  clays.  These  are  frequently  hydrologically 
isolated  and  receive  water  from  overland  flow  and  in  some  case,  in¬ 
ter  fl  ow. 

•  Artesian  wetlands  occur  where  a  confining  layer,  such  as  peat  or 
clay  or  even  consolidated  rock  is  interrupted  by  a  fracture  or  fis¬ 
sure.  Artesian  pressure  can  force  the  groundwater  to  the  surface 
where  it  collects  over  the  impermeable  layer  forming  a  bog  or  swamp. 
It  is  a  discharge  area  and  has  little  potential  for  recharge. 

Another  factor  discussed  in  several  publications,  was  that  soils  in  up¬ 
land  wetlands  frequently  showed  marked  differences  in  horizontal  and  verti¬ 
cal  permeabilities.  In  most  cases,  horizontal  permeabilities  were  found  to 
be  significantly  higher  than  vertical  permeabilities.  Moreover,  vertical 
permeabil ites  decreased  significantly  with  increasing  depths.  The  result 
was  that  precipitation  would  not  reach  the  water  table;  rather  it  would  move 
as  interflow  until  it  was  discharged  to  a  surface-water  body  or  utilized  by 
plants. 

Evapotranspiration  played  a  significant  role  in  the  hydrologic  regime 
of  wetlands.  In  several  studies,  the  evapotranspiration  was  found  to  equal 
or  approach  potential  evapotranspiration  (PET)  as  calculated  by  the  Thorn- 
waite  method.  The  implications  of  this  are  particularly  important  in  as¬ 
sessing  the  base  flow  augmentation  function.  In  most  cases,  low  flow  condi¬ 
tions  and  maximum  evapotranspiration  rates  occur  either  simultaneously  or 
within  a  reasonably  short  time  frame.  Thus,  wetlands  frequently  use  a  maxi¬ 
mum  amount  of  water  through,  evapotranspiration  at  the  expense  of  stream 
flow. 
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Several  factors  common  to  all  wetland  types  must  be  present  for  re¬ 
charge  to  occur.  Most  importantly  a  wetland  must  have  hydraulic  head  rela¬ 
tive  to  the  aquifer.  For  the  general  case,  this  rules  out  estuarine  and  ma¬ 
rine  wetlands  as  potential  sources  of  groundwater  recharge  since  they  occur 
at  or  near  sea  level.  However,  under  some  specific  conditions,  these  wet¬ 
lands  may  play  an  important  role  in  recharging  or  maintaining  an  aquifer. 
These  conditions  will  be  discussed  later  in  this  chapter. 

Other  factors  that  are  important  include: 

•  Soils  -  The  porosity,  permeability,  transmissivity,  and  storage  ca¬ 
pacity  of  underlying  soils  and/or  rock.  Also,  whether  the  soils  are 
mineral  or  organic.  Predominantly  organic  soils  may  not  follow  Dar¬ 
cy's  law,  and  may  have  differential  permeabilities  in  the  horizontal 
and  vertical  direction. 

•  Wetland  Size  and  Configuration  -  In  general,  larger  wetlands  and 
wetlands  with  large  edge  to  surface  area  ratios  have  higher  poten¬ 
tials  for  recharge. 

•  , Evapotranspi ration  Rate  -  ET  can  significantly  impact  the  potential 

of  a  wetland  to  recharge  groundwater  or  augment  base  flow. 

•  Vegetation  -  The  type,  age,  and  density  of  vegetation  in  a  wetland 
influences  infiltration,  runoff,  and  ET. 

t  Climate  -  The  prevailing  weather  conditions  influence  ET  and  availa¬ 
bility  of  water. 

•  Wet/Dry  Cycles  -  Seasonal  or  other  changes  in  the  water  table  and  in 
water  levels  of  the  wetland  enhance  the  potential  for  recharge. 

•  Presence  of  a  Mul ti -Aquifer  System  -  Several  aquifers  with  varying 
potentiometric  surfaces  increase  the  potential  for  recharge. 

a  Water  Quality  -  For  some  types  of  wetlands,  TDS  values  may  indicate 
whether  recharge  is  occurring. 


Retention  Time 
land  types. 


Longer  retention  times  favor  recharge  for  some  wet- 


Other  criteria  exist;  indeed  the  list  is  extensive.  However,  those 
identified  above  are  the  most  significant.  In  the  following  discussion, 
these  criteria  are  assessed  relative  to  wetland  types. 

As  stated  earlier,  estuarine  and  marine  or  intertidal  wetlands  are,  in 
general,  discharge  areas.  Consequently  they  show  little  potential  for  re¬ 
charge.  Moreoever,  the  waters  associated  with  these  systems  are  saline,  or 
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at  best,  brackish.  Thus,  they  have  no  value  for  recharging  groundwater, 
even  where  the  hydraulic  gradient  and  soils  foster  recharge.  An  important 
exception  to  this  is  non-tidal  freshwater  wetlands  on  barrier  islands.  In 
many  cases,  these  serve  to  recharge  shallow  freshwater  lenses  overlying 
deeper  saline  water.  Even  in  this  instance,  much  of  the  precipitation  may 
be  lost  through  evapotranspiration.  This  same  "ponding"  of  freshwater  lens¬ 
es  on  denser  saline  water  can  also  provide  locally  usable  groundwater  on 
near  shore  environments. 

In  the  discussion  that  follows,  these  criteria  are  applied  to  the  pal- 
ustrine,  riverine,  and  lacustrine  wetlands.  For  each  type  of  wetland,  meth¬ 
odologies  useful  for  evaluating  specific  sites  are  developed. 

Evaluation  of  a  specific  site  requires  that  the  criteria  identified  be 
applied  to  the  specific  site  and  then  evaluated.  Table  3  outlines  the  in¬ 
formation  required  and  possible  sources  of  the  information. 

The  approaches  developed  here  are  at  best  preliminary  in  nature.  The 
extent  of  research  and  state  of  knowledge  for  this  function  are  not  suffici¬ 
ent  to  justify  detailed,  quantitative  methodologies  for  wetland  evaluation. 
As  a  result,  the  approaches  outlined  below  involve  a  general  assessment  of 
factors.  They  are  not  intended  to  provide  definitive  answers;  rather,  they 
are  intended  to  provide  general  guidance  based  on  the  state-of-the- 
knowl edge. 

Palustrine  Wetlands 


General  Criteria — 

Palustrine  wetlands  were  the  most  intensively  studied  wetland  type  rel¬ 
ative  to  the  groundwater  recharge  function.  The  majority  of  the  studies  did 
not  identify  recharge  as  a  function  of  palustrine  wetlands  over  the  course 
of  an  annual  water  budget;  however,  in  some  instances  (O’Brien)  recharge  was 
observed  seasonally  for  short  periods,  particularly  during  the  drier  times 
of  the  year.  Relevant  criteria  for  evaluating  the  effectiveness  of  palus¬ 
trine  wetlands  are  presented  below. 

Soils--Wetland  soils  are  either  mineral  or  organic,  and  in  palustrine 
wetlands,  they  are  generally  impermeable.  Typically,  upland  wetlands  devel¬ 
op  on  finely  pulerized  glacial  tills  or  drift,  clay,  or  peat.  Other  factors 
held  equal,  recharge  potential  is  highest  through  course  sands  or  gravels 
and  successively  lower  in  shallow  fibric  peats,  silts,  clays,  and  deep  sap- 
ric  peats. 

Hydraulic  Head — The  hydraulic  head  of  the  wetland  as  stated  earlier,  is 
perhaps  the  single  most  important  factor  for  groundwater  recharge.  The  lit¬ 
erature  identified  three  types  of  upland  wetlands  based  on  hydraulic  condi¬ 
tions:  1)  water  table  wetlands,  2)  perched  wetlands,  and  3)  artesian  wet¬ 
lands.  Artesian  and  water  table  wetlands  are  discharge  points  for  groundwa¬ 
ter  and  generally  have  little  value  for  recharge.  Perched  wetlands,  on  the 
other  hand,  correspond  to  Novitzki's  surface-water  depression  wetlands  and 
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TABLE  3.  INFORMATION  SOURCES 


Required  Data 

Source 

Hydraul ic  Head 

Estimated  from  well  logs  in  the  vi¬ 
cinity;  estimated  from  depth  to 
groundwater  maps  from  USGS  or  state 
geological  survey  offices. 

Soils 

Field  reconnaissance;  SCS  soil  maps; 
porosity,  permeability  and  transmis¬ 
sivity  may  be  available  from  USGS, 
state  and  local  governments,  and  uni¬ 
versities. 

Wetland  Size  and  Configuration 

Field  reconnaissance;  USGS  7.5  minute 
quadrangle  maps,  rotometers,  charto- 
meters. 

Evapotranspiration  and  Clima¬ 
tological  Data 

Estimated  from  Thornwaite,  Blaney- 
Criddle,  Radiation,  Penman,  or  Evapo¬ 
ration  pan  methods;  and/or  use  of 
published  NOAA  data. 

Vegetation 

Field  reconnaissance. 

Water  Quality 

Sampling  and  analysis. 

Seasonal  Wetting  Cycles 

Observation  and  interviews  with  cog¬ 
nizant  individuals;  meteorologic  data 
from  NOAA. 

Retention  Time/TDS 

Observation,  Sampling. 

Multi  Aquifer  System 

Piezometers;  geological  investiga¬ 
tions. 

receive  water  primarily  from  overland  flow  and  incident  precipitation. 
These  wetlands  usually  have  impermeable  bedrock,  clay,  or  peat  beneath  them. 
As  a  result,  they  are  frequently  isolated  hydrologically  from  underlying 
aquifers.  However,  under  some  conditions,  such  as  lithologic  changes  in 
soil  types  around  wetland  edges,  reduced  evapotranspiration  rates,  or  lower¬ 
ed  water  tables,  recharge  may  occur. 

Closely  related  to  this  factor  is  the  presence  of  a  mul ti -aquifer  sys¬ 
tem.  In  some  cases  a  local  water  table  aquifer  may  feed  a  wetland  area. 
The  wetland  in  turn,  may  feed  a  larger  regional  aquifer.  This  phenomena  has 
been  observed  in  the  Northeast  in  a  number  of  studies.  Again,  the  critical 
factor  contributing  to  recharge  is  that  sufficient  head  exists  to  stimulate 
recharge. 

Thus,  perched  wetlands,  mul  ti -aquifer  systems,  depressed  water  tables, 
and  lithologic  changes  favor  potential  recharge.  On  the  other  hand,  high 
water  tables,  artesian  or  water  table  wetlands,  single  potentiometric  sur¬ 
faces,  and  uniformly  impermeable  soils  discourage  recharge. 

Water  Quality--A  factor  that  may  be  particularly  valuable  in  evaluating 
i sol ated,  upl and  wetlands  is  water  quality.  It  has  been  suggested  that 
where  recharge  is  occurring  at  a  significant  rate,  TDS  will  be  relatively 
lower  than  in  cases  where  water  is  contained  for  relatively  long  periods. 
Stewart  and  Kantrud  in  1972,  studied  prairie  potholes  and  suggested  that  TDS 
in  potholes  where  recharge  is  occurring  was  generally  less  than  500  mg/1; 
where  no  recharge  was  occurring  TDS  was  typically  greater  than  15,000  mg/1. 

Evapotranspiration  Rate— The  rate  of  evapotranspiration  (ET)  is  often  a 
critical  factor.  Actual  ET  approaches  potential  ET  (PET)  in  wetlands  during 
the  periods  when  groundwa  er  levels  are  lowest,  and  low  flow  conditions  pre¬ 
vail.  ET  equal  to  or  nearly  equal  to  PET  limits  the  potential  for  recharge. 

Vegetation- -Closely  related  to  ET  is  the  type  and  density  of  vegetation 
present  in  the  wetlands.  R.  R.  Bay  and  A.  A.  Molchanon  indicated  that  the 
rate  of  ET  varies  by  tree  species,  vegetable  cover,  climatic  area,  density, 
and  stage  of  development  (both  seasonal  and  stand  age).  Similarly,  runoff 
and  infiltration  are  influenced  by  vegetation  type  and  density.  A  study  by 
Molchanon,  in  the  Soviet  Union  ranked  mixed  forests,  spruce,  birch,  and  pine 
in  decreasing  order  of  interception  and  transpiration  capacities.  For  tree 
stands  in  general,  optimum  evapotranspiration  occurs  in  stands  approximately 
30  to  50  years  in  age  and  descends  thereafter. 

Wetland  Size  and  Configuration — The  total  size  and  configuration  of  the 
wetland,  particularly  the  edge  length,  are  also  important  determinant  fac¬ 
tors  in  groundwater  recharge.  Since — when  recharge  does  occur — it  frequent¬ 
ly  is  concentrated  along  the  edges  of  the  wetland  area.  Thus,  wetlands  with 
a  high  circumference  to  surface  area  ratio  have  a  higher  capacity  for 
groundwater  recharge.  This  favors  elongated  or  elliptical  wetlands  over 
rounded  wetlands. 


Procedures  and  Methodologies  for  Evaluating  Specific  Sites — 


Table  4  outlines  an  approach  useful  in  evaluating  specific  sites.  With 
sufficient  data,  it  is  possible  to  weight  the  criteria  and  apply  the  ap¬ 
proach  as  a  "scoring"  or  quantified  judgement  system.  However,  the  extent 
of  knowledge  does  not  justify  such  an  approach  at  this  point. 

Riverine 


General  Criteria — 

Research  on  wetlands  associated  with  river  systems  was  not  extensive. 
Three  studies  by  Holzer,  Mitsch,  and  Wharton  addressed  riverine  systems.  Of 
the  wetland  types,  riverine  wetlands  show  the  most  promise  for  groundwater 
recharge.  They  are  subjected  to  intermittent  wetting  cycles,  they  are  fre¬ 
quently  associated  with  changes  in  soil  lithologies,  and  they  are  often 
elongated  in  configurations. 

Soil s--In  broad  floodplains,  back  swamps  frequently  develop  behind 
point  bar  deposits.  These  swamps  frequently  cover  a  variety  of  soil  types 
as  they  shrink  and  swell  with  seasonal  changes.  Soil  deposition  associated 
with  developed  floodplains  can  range  aerially  from  fine  silts  and  clays  to 
coarse  sands  and  gravels.  These  lithologic  changes  encourage  recharge. 
Moreover,  these  areas  are  frequently  hydrologically  associated  with  good 
aquifers. 

Hydraul ic  Head — Streams  and  even  large  rivers  may  alternate  between  in- 
fluent  and  effluent  conditions  over  the  course  of  a  single  storm  event  and/ 
or  seasonally,  depending  on  the  water  table  elevation.  For  this  reason,  it 
is  difficult  to  identify  the  utlimate  fate  of  precipitation  and  channel 
overflow.  A  technique  that  has  been  used  to  separate  the  groundwater  com¬ 
ponent  of  a  storm  event  in  a  hydrograph  from  channel  precipitation,  runoff, 
and  interflow  is  hydrograph  separation.  The  technique,  developed  by  Lang- 
bein  (1978),  is  only  semi-analytical,  but  takes  advantage  of  a  time  base 
characteristic  of  base  flow.  The  resulting  data  can  be  used  to  assess  the 
magnitude  of  recharge  and  identify  whether  the  river  is  influent  or  effluent 
relative  to  the  groundwater.  It  is  important  to  determine  whether  the 
groundwater  is  flowing  into  the  river.  If  this  is  the  case,  recharge  will 
be  transitory  in  nature  and  of  little  value  to  water  supplies  over  the  long¬ 
term.  If  the  river  or  stream  is  influent,  recharge  occurring  from  surround¬ 
ing  wetlands  could  last  significantly  longer.  In  either  case,  the  wetland 
could  have  positive  hydraulic  head  relative  to  the  aquifer;  however,  the  re¬ 
lationship  of  the  associated  river  or  stream  to  the  aquifer  could  serve  to 
neutralize  recharge  under  some  conditions. 

Floodplain  Age--In  general,  wetlands  on  a  mature,  well  developed  flood- 
plain  will  have  a  higher  potential  for  groundwater  recharge  than  those  asso¬ 
ciated  with  young,  immature  streams  and  rivers.  Older  streams  and  rivers 
usually  have  extensive  alluvial  depositions,  which  often  function  as  good 
aquifers.  Moreover,  they  are  associated  with  more  varied  lithologies  and 
greater  depths  to  bedrock. 
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Frequency  of  Flooding— Since  overbank  storage  can  contribute  substan¬ 
tial  1  jT~to~grouridwaterr-recTi a rge,  higher  frequency  and  duration  of  flooding 
can  enhance  the  recharge  potential  of  streams  and  rivers. 

Other  Criteria— The  remaining  criteria  which  have  significance  for  ri- 
verine  wetlands  include  wetland  size  and  configuration,  vegetation,  evapo- 
transpi ration  rate,  and  the  presence  of  a  multiple  aquifer  system.  These 
are  not  discussed  separately  here  since  they  were  discussed  under  palustrine 
wetlands  and  their  impact  is  essentially  the  same  with  riverine  wetlands. 

Procedure  and  Methodologies  for  Evaluating  Specific  Sites-- 

Table  5  outlines  a  method  that  may  be  used  to  evaluate  the  recharge  po¬ 
tential  of  specific  sites.  As  with  Tables  4  and  6,  the  approach  should  be 
viewed  as  preliminary  in  nature.  Nevertheless,  it  may  be  useful  as  a 
screening  tool  that  can  yield  qualitative  conclusions  on  groundwater  re¬ 
charge  potentials. 

Lacustrine  Wetlands 


General  Criteria — 

Lakes  and  associated  wetland  areas  may  be  classified  hydrolog ically 
similarly  to  palustrine  wetlands;  they  are  either  1}  areas  where  the  topo¬ 
graphy  intercepts  the  groundwater  table  resulting  in  a  lake,  2)  areas  where 
surface  runoff  collects  and  "perches",  3)  or  areas  where  artesian  pressure 
penetrates  up  through  a  confining  layer  and  collects  on  the  surface.  Al¬ 
though  similar  to  palustrine  systems,  they  respond  to  a  number  of  unique 
criteria.  Important  factors  include: 

•  Soils; 

•  Hydraulic  head; 

•  ET  rates; 

•  Vegetation; 

•  Lake  age; 

•  Size  and  configuration  of  the  lake  and  drainage  basin;  and 

•  Frequency  and  degree  of  water  level  fluctuations. 

Criteria  that  are  unique  to  lacustrine  wetlands  are  lake  age  and  size 
and  configuration  of  the  lake  and  drainage  basin.  The  other  factors  listed 
above  were  discussed  under  palustrine  systems  and  are  similar  in  function 
and  impact.  Consequently,  they  are  not  discussed  in  detail  here.  An  excep¬ 
tion  is  the  configuration  of  the  lake  edge  or  shore,  which  is  discussed. 
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Lake  Age:  The  age  of  the  lake  determines  the  nature  of  sediments 
within  it.  Younger  lakes  have  sandy  or  rocky  bottoms  with  less 
deposition  c.  organics.  Thus,  other  factors  being  equal,  wetland 
areas  associated  with  younger  lakes  have  a  higher  potential  for 
recharge. 

Size  and  Configuration  of  Lake  and  Wetland  Area:  Lake  bottoms  are 
often  covered  with  sediments,  and  as  a  result  are  frequently  near¬ 
ly  impermeable.  Both  wetlands  and  recharge  are  a  function  of 
shore  development.  An  equation  that  is  used  to  calculate  shore 
development  is: 

SD  =  — 

2 


where: 


SD  =  Shoreline  development 
L  =  Length  of  the  shoreline 
A  =  Lake  area 

Using  this  expression,  a  perfectly  round  lake  would  have  a 
value  of  1.  Irregular  lakes  would  have  higher  values  and  higher 
capacities  for  recharge.  The  length  of  the  shore  can  easily  be 
obtained  by  using  a  mechanical  map  measurer  such  as  a  rotomer,  or 
chartometer  in  conjunction  with  an  accurate  large-scale  map. 

Procedures  and  Methodologies  for  Evaluating  Specific  Sites  — 

Table  6  details  a  generalized  approach  for  evaluating  specific  sites 
relative  to  their  potential  for  groundwater  recharge. 

RESEARCH  NEEDS 

The  research  needs  identified  below  are  oriented  towards  enabling  re¬ 
searchers  and  planners  to  predict  the  behavior  of  various  types  of  wetlands 
to  dredge  and  fill  operations  and  other  man  induced  impacts.  The  same  pro¬ 
blems  and  needs  identified  in  Chapter  1,  Water  Quality,  ar'e  present  for  the 
groundwater  recharge  function;  the  existing  data  base  is  inconsistent,  in¬ 
comparable,  and  incomplete.  What  is  needed  is  a  comprehensive  nationwide 
study,  conducted  by  a  single  entity  on  the  relationship  of  groundwater  to 
wetlands.  It  is  not  currently  possible  to  identify  specific  methodologies 
for  assessing  the  potential  of  wetland  types  or  individual  wetlands  for 
groundwater  recharge. 

To  accomplish  this  goal,  research  efforts  should  be  focused  in  the  fol¬ 
lowing  areas:  s 

•  Development  of  standardized  methods  for  defining  water  budgets; 
these  sampling  and  testing  procedures  should  be  easily  applied  and 
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yield  accurate,  meaningful  data.  Subsequently,  a  nationwide  collec¬ 
tion  of  data  using  the  standardized  methodologies  should  be  conduct¬ 
ed. 

§  Based  on  the  results  of  initial  studies,  refinement  or  development 
of  a  wetland  classification  system  that  meaningfully  represents  the 
hydrologic  characteristics  of  wetland  behavior. 

•  Use  of  the  classification  system  and  study  data  to  refine  existing 
models  and  develop  new  models  and  methodologies  that  allow  accurate 
predictions  of  wetland  responses  to  construction  activities. 

•  Further  studies  to  provide  empirical  data  that  will  allow  confirma¬ 
tion  of  the  accuracy  of  the  predictive  models  and  methods. 

•  Revision  and  refinement  of  the  models  based  on  data  from  long-range 
studies. 

These  needs  can  be  accomplished  and  integrated  within  a  three-phased 
approach  as  outlined  in  Chapter  1,  Water  Quality.  Indeed,  the  research  re¬ 
quirements  for  shoreline  protection,  stormwater  storage,  and  groundwater  re¬ 
charge  are  all  similar  and  can  best  be  accomplished  in  an  integrated  re¬ 
search  program.  The  three  phases  outlined  in  Chapter  1  include: 

•  Phase  I  -  Nationwide  Survey; 

•  Phase  II  -  Development  of  Model  and  Verification;  and 

•  Phase  III  -  Detailed  and  Long-Term  Field  Studies. 

Phase  I  -  Development  Of  A  Nationwide  Data  Base  On  Hydrologic  Properties  of 
Wetlands 

Due  to  the  random  nature  of  previous  investigations,  the  existing  data 
base  on  wetland  hydrology  does  not  allow  development  of  methodologies  for 
evaluating  wetlands.  Phase  I  would  develop  a  systematized  cohesive  investi¬ 
gatory  approach  that  would  produce  meaningful  corelative  data.  Phase  I  re¬ 
quires  three  tasks; 

t  Task  I  -  Development  of  standardized  sampling  and  testing  methodolo¬ 
gies; 

•  Task  II  -  Selection  of  sites  for  investigation  that  would  permit 
statistically  defensible  data  collection;  and 

t  Task  III  -  Data  collection. 

Task  I  -  Development  of  Standardized  Sampling  and  Testing  Methods— 

Development  of  standardized  test  methods  is  required  if  any  kind  of 
nationwide  systematic  evaluation  of  wetlands  is  to  occur.  Over  the  course 
of  the  literature  review,  it  became  obvious  that  one  source  of  contradictory 
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conclusions  was  the  use  of  different  methods  in  data  acquisition.  Evapo¬ 
transpiration,'  for  example,  is  commonly  estimated  using  one  of  five  methods 
(Thornwaite,  Blaney-Criddle,  Radiation,  Modified  Penman,  or  Evaporation 
pan).  The  methods,  when  applied  to  a  single  site  will  yield  considerably 
different  results.  Moreover,  the  accuracy  of  one  technique  over  another 
varies  based  on  type  of  data  available,  climate,  and  region.  The  Thornwaite 
method,  for  example  was  developed  for  humid  conditions  in  the  east  central 
United  States.  Because  of  its  relative  simplicity,  however,  it  has  been 
used  in  areas  for  which  it  is  not  well  suited.  In  the  arid  Southwest,  the 
Thornwaite  method  results  in  substantial  under -prediction  of  ET  rates. 
Thus,  guidance  on  using  methods  for  estimating  evapotranspiration  is  needed, 
as  well  as  some  analysis  of  the  sensitivity  of  the  estimates  to  factors  such 
as  climate,  latitude,  duration  of  testing  and  other  factors. 

An  effective  methodology  for  measuring  infiltration  and  movement  of  wa¬ 
ter  in  organic  soils  is  also  necessary.  Application  of  traditional  tools 
(such  as  Darcy's  Law)  which  were  developed  in  mineral  soils  have  not  often 
yielded  accurate,  reliable  results  in  organic  soils. 

A  standardized  water  year  should  be  utilized  so  that  water  budgets  can 
be  meaningfully  evaluated  and  compared.  In  establishing  water  budgets,  the 
approach  followed  thus  far  has  been  to  use  the  following  equation,  or  some 
variation  of  it: 

P  +  SWI  +  GWI  =  ET  +  SWO  +  GWO  +  AS 

where: 

P  -  Precipitation 
SWI  =  Surface  water  inflow 
GWI  =  Groundwater  inflow 
ET  =  Evapotranspiration 
SWO  =  Surface  water  outflow 
GWO  =  Groundwater  outflow 
AS  =  Change  in  storage 

Determination  of  each  of  the  individual  water  budget  components  may  not 
be  simple  and  there  are  errors  associated  with  each.  Moreover,  each  may  be 
measured  by  one  of  several  methods;  with  each  methodology  yielding  different 
values.  Perhaps  the  greatest  source  of  error,  however,  lies  in  the  selec¬ 
tion  of  one  (or  more)  of  the  variables  as  the  residual  factor (s)  in  the 
equation.  Typically,  the  groundwater  component  is  selected  as  the  residual 
in  the  equation.  As  a. result,  errors  in  estimates  of  precipitation,  evapo¬ 
transpiration,  and  streamflow,  as  well  as  non -channel i zed  surface  flow,  are 
often  included  in  the  groundwater  term. 

The  above  represents  some  of  the  problems  relative  to  standardized 
testing  and  data  aquisition  procedures.  Others  exist:  the  equipment  used, 
the  placement  of  observation  wells  and  testing  equipment,  and  similar  fac¬ 
tors  are  all  sources  of  potential  inconsistencies. 


Task  II  -  Site  Selection,  Identi fication-- 

A  preliminary  estimation  of  the  number,  type  and  location  of  various 
wetlands  required  for  an  adequate  data  base  should  be  developed.  An  exist¬ 
ing  classification  system  that  adequately  delineates  wetlands  by  hydrologic 
characteristics  could  be  used  initially.  Novitzki's  classification  system 
developed  for  wetlands  in  Wisconsin  could  be  extended  to  apply  to  wetlands 
in  general. 

Following  this,  candidate  sites  should  be  selected  for  intensive,  sim¬ 
ultaneous  investigation.  The  number  of  sites  selected,  as  well  as  the  num¬ 
ber  of  each  wetland  type  and  its  region,  climate,  and  size  should  be  suffi¬ 
ciently  representative  to  provide  statistically  valid  data. 

Task  III  -  Data  Collection — 

When  standardized  methodologies  have  been  developed  for  data  aquisi- 
tion,  and  the  sites  have  been  identified,  observation  and  data  collection 
can  begin.  The  aim  of  this  task  is  to  compile  an  extensive  data  base  to  be 
used  in  wetland  management.  To  the  maximum  extent  possible,  data  collection 
activities  should  occur  simultaneously;  i.e.,  the  water  year  investigated 
should  be  a  standardized  year  for  all  sites.  In  addition,  the  investiga¬ 
tions  should  be  under  the  supervision  of  a  single  entity,  although  the  ac¬ 
tual  task  of  observation  and  data  collection  could  be  conducted  by  various 
groups,  providing  sampling  and  testing  protocals  are  clearly  defined. 

Phase  II  -  Development/Refinement  of  Models,  Field  Verification 

The  purpose  of  this  phase  would  be  to  develop  or  refine  predictive  mod¬ 
els.  These  models  will  provide  a  framework  in  which  available  data  can  be 
integrated,  new  hypotheses  tested  and  revised,  and  alternative  management 
strategies  evaluated.  The  phase  involves  two  tasks;  1)  development  or  re¬ 
finement  of  models,  and  2)  field  verification  of  the  models. 

Task  I  -  Development  and  Refinement  of  Models — 

This  task  will  use  the  data  from  Phase  I  and  existing  models  as  a  base 
for  developing  accurate  predictive  models  for  wetlands.  Existing  models 
follow  one  of  three  approaches: 

•  Analysis  of  wetlands  as  part  of  a  larger  system,  such  as  a  drainage 
basin; 

•  Modeling  of  the  individual  wetland;  and 

•  Modeling  of  an  individual  component  process,  or  processes  within  a 
wetland. 

* 

The  three  approaches  complement  one  another  in  many  cases.  The  thrust 
of  this  task  would  be  to  identify  significant  components  of  hydrologic  phe¬ 
nomena  in  wetlands,  define  parameters,  establish  boundary  conditions,  and 
subsequently  to  develop  and  calibrate  predictive  models. 
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Task  II  -  Verification-- 


Verification  of  these  models  would  require  selection  of  additional 
sites,  and  subsequent  sampling  and  observation  to  verify  the  validity  of  the 
models. 

Phase  III  -  Detailed,  Long-Term  Field  Studies 

The  aim  of  this  phase  will  be  to  resolve  data  gaps  and  inconsistencies 
resulting  from  the  Phase  I  investigation,  and  to  identify  long-term,  life 
cycle  behavior  of  wetlands  relative  to  groundwater  recharge.  In  addition, 
this  data  could  be  used  to  further  "fine  tune"  predictive  models  and  testing 
and  sampling  methodologies.  Another  area  that  would  require  intensive, 
long-term  investigations  is  the  impact  of  basin  development  outside  the  wet¬ 
land  itself  on  the  wetland.  The  impacts  of  paving  recharge  areas,  excessive 
groundwater  extraction,  and  flood  control  activities  would  all  require  ex¬ 
tensive,  long-term  testing. 

In  sum,  the  most  productive  approach  for  wetland  study  relative  to 
groundwater  recharge  would  utilize  a  major  study  effort  that  was  funded  and 
administered  by  a  single  agency.  The  program  should  examine  the  entire  hy¬ 
drologic  regime,  since  examination  of  a  single  component  such  as  recharge 
becomes  meaningless  without  an  understanding  of  the  entire  process.  Fur¬ 
ther,  the  program  should  follow  a  three-phased  approach;  data  collection, 
development  of  predictive  models,  and  long-term  studies  aimed  at  refining 
the  data  base. 


* 
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STORM  AND  FLOOD  WATER  STORAGE 


INTRODUCTION 

The  storm  and  flood  water  storage  function  of  wetlands  has  been  defined 
in  this  study  as  the  interception  and  detention  of  flood  and  storm  water 
flows  by  wetlands  systems.  Temporary  storage  of  storm  or  flood  waters, 
which  otherwise  would  contribute  to  open-channel  flow,  serves  to  modify  flow 
and  reduce  the  damage  potential  of  flood  or  storm  waters,  primarily  through 
reduction  of  peak  flows.  Many  wetlands  may  be  important  for  water  storage 
and  flow  retardation  during  periods  of  flooding  but  there  is  little  evidence 
to  support  that  contention  at  this  point. 

On  the  other  hand,  a  Federal  Interagency  Task  Force  prepared  a  report 
on  the  status  of  our  wetlands  in  1978.  That  report,  entitled  "Our  Nation's 
Wetlands"  was  coordinated  by  the  U.S.  Council  on  Environmental  Quality.  It 
states,  "Only  in  the  past  decade  or  so  has  the  role  of  wetlands  as  storm 
buffers  been  understood.  A  flood  may  be  less  destructive  when  marshes  and 
swamps  slow  velocity  and  desynchronize  peaks  of  tributory  streams  as  the  wa¬ 
ters  flow  through  their  impeding  vegetation  and  into  the  main  stream.  Their 
action  reduces  the  flood  peak  along  the  main  stream  although  it  may  lengthen 
duration  of  the  flood". 

The  importance  of  the  link  between  floods  and  wetlands  is  emphasized  by 
the  findings  of  the  Water  Resources  Council.  In  its  Second  National  Water 
Assessment,  "The  Nation's  Water  Resources,  1975-2000",  the  Council  identi¬ 
fies  flooding  and  wet-soils  drainage  and  wetlands  as  critical  water  and  re¬ 
lated  land  problems.  The  Water  Resources  Council  points  out  that  the  74 
million  acres  of  wetlands  in  the  United  States  not  only  provide  habitat  for 
fish  and  wildlife  but  also  can  retain  flood  water  and  trap  pollutants. 

In  spite  of  these  assertions,  there  has  been  little  evidence  from  stud¬ 
ies  to  support  these  contentions.  While  there  is  little  doubt  that  some 
wetlands  have  the  capacity  to  limit  flood  damage  in  some  cases,  the  findings 
of  specific  studies  are  not  indicating  that  the  funciton  is  ubiquitous. 

DATA  BASE 

Limited  previous  research  has  been  conducted  to  demonstrate  the  effects 
that  wetlands  have  in  terms  of  flood  water  storage.  Publications  identified 
during  the  literature  search  contained  some  reference  to  the  storm  and  flood 
water  storage  function  of  wetlands,  but  the  need  for  detailed,  quantitative 
studies  remains. 

Description  of  Relevant  Literature 


Sixteen  publications  were  found  during  the  literature  search  that  con¬ 
tained  some  reference  to  the  storm  and  flood  water  storage  function  of  wet¬ 
lands.  Little  substantive  information  and  no  quantitative  data  were  con¬ 
tained  in  these  studies.  Table  7  displays  summary  information  from  the  16 
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TABLE  7.  SUMMARY  OF  LITERATURE  PERTAINING  TO  STORM  AND  FLOOD  WATER  STORAGE  FUNCTION  OF  WETLANDS 
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documents.  The  following  observations  can  be  made  about  the  information 
base  for  this  wetland  function: 

•  Most  of  the  studies  dealt  with  swamps  and  marshes  (both  salt  and 
freshwater) ;  three  addressed  peatlands;  one  categorized  all  wetlands 
into  four  basic  types  and  discussed  the  attributes  of  each; 

•  Relevant  research  was  conducted  primarily  in  the  northeastern  and 
north  central  United  States,  but  additional  studies  were  done  in 
Louisiana,  Florida  and  the  U.S.S.R; 

•  Most  discussions  were  general  and  focused  on  wetland  types  and  their 
typically  associated  vegetation,  although  one  report  specifically 
analyzed  a  forested  peat  bog  and  one,  a  cypress-type  floodplain 
swamp; 

•  Some  authors  concluded  that  wetlands  act  as  temporary  storage  areas 
which  serve  to  reduce  flood  peaks  and,  thereby,  lessen  stormwater 
damage  potential;  others  found  that  wetland  areas  did  not  contribute 
to  flood  storage  more  effectively  than  similar  topographic  areas 
and,  two  researchers  believed  that  wetlands  actually  increase  flows; 

•  The  water  storage  capacity  of  wetlands  was  generally  considered  to 
be  a  function  of  the  physical  characteristics  of  the  underlying  ma¬ 
terials  and  the  level  of  the  groundwater  table  at  the  time  of  a 
storm; 

•  Floodplain  storage  was  analyzed  relative  to  comparable  dam  storage 
(Larson,  et  al . ,  1976)  and  an  annual  benefit  of  $80/acre-year  was 
assigned  to  wetland  preservation  for  flood  control; 

•  Two  investigations  (Novitzki,  1978;  Larson,  et  al . ,  1973)  related 
percentage  of  wetland  in  a  drainage  basin  to  flood  stage  and  con¬ 
cluded  that  5  percent  of  a  basin  in  wetlands  can  reduce  flood  peaks 
up  to  50  percent;  that  80  percent  reduction  may  be  obtained  where 
wetlands  cover  40  percent  or  mere  of  a  basin;  and  that  a  loss  of  25 
percent  of  wetlands  is  likely  to  result  in  significant  flood  damage; 
and 

t  Hydrological  studies  were  made  by  the  U.S.  Army  Corps  of  Engineers, 
New  England  Division,  to  determine  how  flood  waters  were  distributed 
in  the  upper,  middle,  and  lower  reaches  of  the  Charles  River  Water¬ 
shed  in  Massachusetts.  Investigators  found  that  wetlands  in  these 
areas  were  acting  as  natural  controls  to  retain  flood  waters.  Storm 
water  was  effectively  stored  in  the  numerous  wetland  areas  and  re¬ 
leased  so  gradually  into  the  main  channels  of  the  river  that  damage 
was  held  to  a  minimum  for  some  distance  downstream. 

% 

Discussion  • 


Relatively  little  data  were  found  on  the  storm  and  flood  water  storage 
function  of  wetlands.  The  opinion  is  generally  held  that  wetlands  do  serve 


a  function  in  temporary  storage  of  flood  waters  and  thereby  reduce  storm  wa¬ 
ter  damage  potential.  Investigators  felt  that  this  was  true  under  most  cir¬ 
cumstances;  however,  Sander  (1976)  expressed  the  opinion  that  wetlands  in 
fact  release  excess  moisture  during  wet  periods  and  deplete  water  supply 
during  dry  months,  and  O'Brien  (1977)  concluded  that  groundwater  discharge 
from  two  small  wetland  basins  contributed  significantly  to  storm  crests. 

Among  the  authors  who  felt  wetlands  do  serve  a  positive  function,  stor¬ 
age  capacity  was  attributed  to  a  number  of  factors  including,  percentage  of 
wetland  area  within  the  drainage  basin,  physical  characteristics  of  wetland 
(i.e.,  slope  or  depression  type),  underlying  substrata  permeability,  storm 
characteristics,  and  water  table  level  at  the  time  of  a  storm. 

The  actual  value  of  a  given  wetland  in  terms  of  flood  protection  was 
quantified  by  two  researchers.  Larson,  et  al . ,  (1976)  compared  flood  con¬ 
trol  potential  of  floodplains  to  dam  construction  and  derived  a  benefit  val¬ 
ue  of  $80/acre-year  for  floodplains.  Larson,  et  al.,  (1973)  concluded  that 
a  loss  of  more  than  25  percent  of  wetlands  in  a  drainage  basin  is  likely  to 
result  in  significant  flood  damage  by  increasing  flood  stage  1. 5-3.0  feet. 
Novitzki  (1978)  concluded  that  a  50  percent  flood  peak  reduction  is  account¬ 
ed  for  by  the  first  5  percent  of  lakes  and  wetlands  in  the  basin  and  that 
flood  peak  reduction  of  up  to  80  percent  may  be  obtained  where  wetlands  cov¬ 
er  40  percent  of  a  drainage  basin. 

In  its  study  of  the  Charles  River  Basin  the  Corps  of  Engineers  estimat¬ 
ed  the  annual  flood  control  benefits  of  the  Natural  Valley  Storage  Plan  at 
$1,203,000.  This  is  the  difference  between  estimated  annual  flood  damages 
based  on  present  land  use  and  conditions,  including  extensive  wetlands,  and 
an  estimate  of  those  damages  which  would  occur  with  the  projected  loss  of  30 
percent  of  valley  storage  by  1990. 

/ 

Any  evaluation  of  the  impact  of  wetland  alteration  on  flooding  should 
take  into  consideration  alternative  land  uses.  For  example,  studies  have 
indicated  that  wetlands  encroachment  resulted  in  an  increase  in  flooding. 
The  implication  is  that  the  wetlands  afforded  protection  against  flooding. 
However,  increased  flooding  is  a  natural  consequence  of  much  development. 
Large  areas  are  frequently  black  topped,  storm  drainage  systems  installed, 
and  existing  tributary  streams  culverted.  The  impact  is  to  synchronize  and 
speed  storm  impacts,  thereby  increasing  flood  stages. 

Current  opinions  on  the  value  of  wetlands  for  storm  and  flood  water 
storage  are  mixed.  However,  recent  studies  indicate  that  their  value  has 
been  overstated.  Indeed,  a  recent  study  ( Shabman  and  Batie,  1979). found 
that  wetlands  offered  no  significant  advantage  for  flood  and  storm  water 
storage  over  open  fields,  or  forested  areas.  Nevertheless,  there  is  evi¬ 
dence  that  under  some  circumstances,  some  wetlands  may  reduce  flood  impacts. 
The  following  section  discusses  criteria  that  will  influence  a  estuarine 
wetland's  ability  to  perform  this  function. 

It  should  be  noted  that  there  is  widespread  recognition  of  the  lack  of 
accurate  data  and  the  need  for  extensive  data  collection  and  analyses  relat¬ 
ed  to  the  flood  storage  capabilities  of  wetlands.  Thus,  the  conclusions 
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presented  in  the  following  section  should  be  viewed  with  scepticism.  They 
do  not  represent  facts,  rather  they  are  a  compilation  of  current  opinion, 
based  on  research  performed  to  date. 

DEVELOPMENT  OF  CRITERIA 

Available  reports  were  examined  to  identify  those  factors  which  affect 
the  flood  storage  capabilities  of  the  various  types  of  wetlands.  Special 
attention  was  given  to  any  measurements  of  the  degree  of  effectiveness  in 
providing  flood  storage.  The  following  factors  were  identified: 

•  Area  -  total  wetland  and  percentage  of  drainage  area  in  wetland; 

•  Water  table  -  the  level  of  water  on  or  under  the  wetland  at  the  time 
a  storm  occurs; 

•  Soils  -  permeability  and  water  holding  capability  of  various  soil 
combinations; 

•  Precipitation  -  intensity  and  duration;  and 

•  Topography  -  flatness  or  slope  of  wetland. 

Marine  Wetlands 


General  Criteria-- 

One  of  the  functions  of  intertidal  lands  is  to  serve  as  a  natural  bar¬ 
rier  against  hurricanes  and  storm  floods.  On  one  hand,  marine  wetlands  con¬ 
stitute  a  natural  equilbrium  surface  which  will  not  change  its  topography 
too  drastically,  even  during  severe  coastal  storms.  On  the  other  hand,  coa¬ 
stal  wetlands  are,  by  their  nature,  low  lying  and  act  as  reservoirs  which 
receive  storm-induced  high  waters  and  release  them  slowly  as  the  storm  re¬ 
cedes. 

According  to  Craig  and  Day,  salt  marshes  act  as  an  important  buffer, 
absorbing  the  energy  from  the  waves  created  by  strong  winds  and  providing  a 
water  reservoir  for  storm  waters.  This  was  demonstrated  in  a  study  by  Teal 
and  Teal  (1969)  off  the  coast  of  England.  In  1953,  a  severe  storm  along  the 
coast  of  Lincolnshire  caused  considerable  carnage.  Most  beaches  and  shore¬ 
line  structures  were  destroyed.  However,  the  areas  lying  landward  of  salt 
marshes  suffered  little  damage.  Lefor  (1973)  suggests  that  the  loss  of  life 
and  the  destruction  of  property  along  the  southwestern  coast  of  Connecticut 
from  the  storm  of  June  18-19,  1972  might  have  been  less  if  the  tidal  marshes 
in  these  areas  had  not  been  filled. 

On  the  other  hand,  in  a«-  more  recent  study  of  wetlands  in  and  near  the 
Chesapeake  Bay,  Shabman,  et  al . ,  (1979)  found  no  evidence  that  wetlands  per¬ 
form  this  function,  they  state,  "marine  wetlands  provide  protection  from 
coastal  flooding  to  adjoining  land  parcels  in  the  sense  that  any  open  area 
between  housing  and  the  ocean  provides  flood  protection.  However,  it  is  not 
the  wetlands  in  their  natural  state  that  provides  that  protection,  since  a 


filled  wetland  would  also  protect  neighboring  parcels  from  flood  damage  as 
would  a  parking  lot,  an  open  field,  or  a  forested  area". 

Another  type  of  marine  wetland,  the  "overwash  mangrove  island",  they 
provide  shore  protection.  Overwash  mangrove  islands  are  abundant  in  the  Ten 
Thousand  Islands  of  south  Florida  and  the  south  coast  of  Puerto  Rico.  Dur¬ 
ing  periods  of  rough  seas,  the  dense  red  mangrove  prop  roots  and  the  multi¬ 
plicity  of  islands  in  a  given  bay  dissipate  wave  energy. 

These  coastal  wetlands  are  quite  distinct  from  other  wetlands.  They 
are  a  buffer  between  open  ocean  and  shore.  They  would  appear  to  provide 
shore  protection  similar  to  that  provided  by  reefs  or  barrier  islands. 

Again,  although  the  capacity  of  a  wetland  to  perform  this  function  has 
not  been  verified,  certain  factors  increase  the  probability  that  a  particu¬ 
lar  wetland  may  perform  this  function.  These  factors  are  discussed  below. 

Location--The  wetland  should  be  adjacent  to  low-lying  shoreline  devel¬ 
opments  that  are  susceptible  to  damage  from  a  surge  or  high  wave  action. 

Size— Larger  wetlands,  or  several  smaller  wetlands  in  combination,  have 
greater  capacity  for  minimizing  flooding.  Shape  and  configuration  also  im¬ 
pact  on  the  ability  of  a  wetland  to  control  flooding;  wetlands  with  greater 
breadth  are  more  effective  than  narrow  wetlands  of  the  same  area. 

Permeabil ity — Unsaturated,  permeable  soils  contribute  to  storage. 

Slope--A  long  shallow  slope  extending  seaward  would  appear  to  have  a 
greater  effect  in  dissipating  wave  or  surge  energy  than  a  sharp  dropoff. 

Roughness— Wetlands  covered  with  plant  growth  or  with  rocky  bottoms 
have  more  impact  on  storm  crests  and  tidal  influences. 

Procedures  and  Methodologies— 

Without  considerable  additional  research  only  a  simple  decision  tree 
approach  is  possible.  Table  8  outlines  a  general  methodology  for  evaluating 
specific  marine  wetlands  and  identifying  flood  and  damage  reduction  poten- 
ti  al . 

Estuarine  We t lands 
General  Criteria — 

A;  with  marine  wetlands,  studies  have  indicated  that  estuarine  wetlands 
also  function  as  natural  barriers  against  hurricane  and  storm  floods.  These 
coastal  wetlands  control  flooding  by  acting  as  reservoirs  which  receive 
storm- induced  high  waters  and  release  them  slowly  as  the  storm  recedes. 
However,  it  is  not  clear  that  wetlands  provide  an  advantage  over  other  simi¬ 
lar  topographies.  In  short,  the  reservoir  effect  of  wetlands  has  been  ob¬ 
served  in  flat,  unvegetated  topographies. 
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According  to  Carter,  et  al . ,  flooding  in  tidal  rivers  and  estuaries  is 
complicated  by  the  action  of  wind  and  tide  combined  with  stormflows  generat¬ 
ed  higher  in  the  basin.  Temporary  storage  of  flood  water  may  be  a  primary 
function  of  wetlands  adjacent  to  estuaries  and  tidal  rivers,  but  their  stor¬ 
age  effect  may  be  either  minimized  or  maximized  by  the  tidal  stage  during 
flooding. 

Wharton  et  al .  (1977),  state  that  coastal  mangrove  swamps,  bottled  with 
tidal  and  river  exchanges,  hold  the  lands,  protect  against  hurricanes,  and 
provide  nutrition  for  fisheries  and  wildlife. 

Most  investigators  felt  that  an  important  factor  governing  an  estuarine 
wetland's  ability  to  control  flooding  was  the  permeability  and  percent  sat¬ 
uration  of  the  soil.  Highly  permeable  soils  in  an  unsaturated  condition 
were  found  to  store  water,  either  by  groundwater  recharge  or  interflow  or 
both.  However,  wetlands  are  frequently  expressions  of  discharge  areas  asso¬ 
ciated  with  regional  or  local  (perched)  aquifers  and  thus  are  often  saturat¬ 
ed.  In  addition,  they  are  most  often  associated  with  relatively  impermeable 
organic  soils  or  clays.  Indeed,  some  investigators  contend  that  wetlands 
excerbate  flooding  by  saturating  surface  soils  and  thereby  limiting  the 
storage  capacity. 

Nevertheless,  some  factors  do  increase  the  probability  for  marine  wet¬ 
lands  to  limit  the  impact  of  flooding.  The  following  criteria  are  applica¬ 
ble  to  the  flood  storage  and  damage  reduction  capability  of  estuarine  wet- 
1 ands. 

Location— The  wetlands  should  be  located  between  potential  damage  areas 
and  the  river  or  sea  sources  of  floods.  The  adjacent  property  should  be 
subject  to  flooding  and  have  a  high  development  value. 

Size— Larger  areas  will  have  higher  potentials  for  stormwater  storage 
for  a  given  discharge.  : 

Permeability  and  Water  Table  El evation--Dry  or  partially  dry,  highly 
permeable  soils  permit  temporary  storage  as  groundwater  or  interflow.  How¬ 
ever,  where  soils  are  permanently  saturated  the  storage  capacity  is  neutral¬ 
ized. 


Slope— A  long  shallow  slope  away  from  land  toward  the  estuary  would  ap¬ 
pear  to  offer  more  opportunity  for  storage  and  wave  and  surge  protection 
than  an  abrupt  drop-off  to  deeper  water. 

Roughness --Oense  stands  of  vegetation  may  desynchronize  flood  peaks  and 
reduce  flood  impac ts . 

Procedures  and  Methodol ogies^- 

As  with  the  marine  wetlands,  only  a  simple  procedural  system  can  be  ap¬ 
plied  to  screening  estuarine  wetlands  for  flood  storage  and  damage  reduction 
potential.  Table  9  outlines  the  approach. 
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Riverine  Wetlands 


General  Criteria-- 

Wetlands  linked  hydrological ly  to  river  systems  are  thought  to  be  im¬ 
portant  for  water  storage  and  flow  retardation  during  periods  of  flood  or 
storm  discharge. 

Some  investigators  claim  that  vegetated  floodplains  offer  considerable 
protection  against  downstream  flooding  and  siltation. 

However,  Shabman  (1979)  found  that  once  flood  waters  exceeded  the 
height  of  vegetation,  the  vegetation  did  not  significantly  reduce  the  velo¬ 
city  of  flood  waters.  Thus,  forested  wetlands  would  seem  to  be  most  effec¬ 
tive,  while  marsh  grass,  etc.  would  provide  only  limited  protection.  River 
and  creek  swamps  have  the  capacity  to  absorb  heavy  rains,  releasing  waters 
gradually  but  not  holding  them  so  long  that  trees  and  other  plant  life  are 
killed.  The  ability  of  a  wetland  to  absorb  rains  is  dependent  to  a  large 
extent  on  the  permeability  of  the  soils  and  the  percent  saturation. 

The  Okefenokee  serves  as  a  large  headwater  swamp  which  stores  flood  wa¬ 
ter  and  contributes  moderate  stream  discharge  for  long  durations.  When  peak 
periods  of  high  water  are  retarded,  the  mangrove  forest  becomes  a  storage 
basin  adding  considerable  buffering  to  such  events  as  floods  and  hurricane- 
induced  storms.  In  the  cypress  stands,  vegetation  can  grow  in  the  river 
bed,  further  slowing  water  flow  and  spreading  it  over  an  even  wider  area. 

Joseph  S.  Larson  in  reporting  on  a  study  of  the  Neponset  River  Basin  in 
Massachusetts  states  that  a  loss  of  10  percent  of  wetland  flood  storage  re¬ 
sults  in  a  flood  stage  increase  of  1.5  feet  for  the  100-year  flood.  If  50 
percent  of  the  wetland  flood  storage  is  lost,  flood  stage  increases  to  3 
feet.  These  increases  are  considered  very  significant  if  a  wide  flood  plain 
is  affected.  Larson  also  reported  that  the  Corps  of  Engineers'  study  of  the 
Charles  River  Basin  indicates  that  a  40  percent  reduction  of  the  basin  wet¬ 
lands  would  result  in  an  increase  in  flood  stages  of  2  to  4  feet  for  a  flood 
similar  to  that  experienced  in  1968. 

In  a  later  report,  Larson  bases  an  estimate  of  the  value  of  Charles  Ri¬ 
ver  Basin  wetlands  on  the  Corps  of  Engineers  study.  The  benefits  from  pre¬ 
serving  wetlands  with  high  flood  control  potential  average  about  $80/acre- 
year.  Using  a  5.375  capitalization  rate,  he  estimates  their  per  acre  value 
at  $1,488. 

Army  engineers  estimate  that  upstream  areas  of  the  Charles  River  Basin 
temporarily  stored  50,000  acre-feet  of  flood  water,  the  equivalent  of  an  av¬ 
erage  Corps  reservoir  in  New  England,  during  a  1968  storm.  The  last  of  this 
volume  reached  downstream  areas  1  month  after  the  storm. 

Larson  states,  "Wetlands  which  lie  along  or  in  developed  floodplains  of 
slow  moving  streams  can  be  considered  as  possessing  high  value  for  flood 
control  benefits". 


Larson  bases  his  conclusions  in  part  on  the  impact  of  wetland  altera¬ 
tion  on  flooding;  in  short  on  observed  phenomena;  e.g.,  wetland  alteration 
results  in  increased  flooding.  It  should  be  noted  that  most  alteration  and 
development  of  other  parts  of  the  drainage  basin  also  results  in  increased 
flooding.  Thus,  it  may  be  that  the  increased  flooding  results  not  from  the 
abscence  of  wetlands,  but  from  the  nature  of  alteration.  This  is  an  import¬ 
ant  area  for  investigation.  Trends  in  flood  behavior  relative  to  various 
cultural/land  use  characteristics  shoud  be  identified  in  order  to  identify 
the  impact  of  wetlands  on  flood  behavior. 

Criteria  that  are  applicable  to  the  flood  storage  and  damage  reduction 
capability  of  riverine  wetlands  are  listed  below.  These  should  be  viewed  as 
tentative.  Much  of  the  data  used  to  arrive  at  these  conclusions  needs  to  be 
verified.  Moreover,  the  studies  to  date  have  not  been  unanamous  in  assign¬ 
ing  any  value  to  wetlands  for  this  function. 

Location — Wetlands  that  are  situated  upstream  from  developed  flood- 
plains  and  that  are  adjacent  to  or  in  stream  channels  may  contribute  to  re¬ 
ducing  flood  impacts.  Also,  wetlands  located  along  tributary  streams  and 
rivers  appear  to  store  flood  waters. 

Size- -Wet lands  should  constitute  a  relatively  large  portion  of  the 
drainage  basin,  although  as  little  area  as  5  percent  of  the  total  in  wet¬ 
lands  may  significantly  affect  flood  peaks. 

Permeability  Percent  Saturation--Highly  permeable  soils  with  deep  or 
f luctuating  water  tables  provide  higher  storage  capabilities,  and  thus 
greater  potential  for  stormwater  storage  through  groundwater  recharge  and  or 
i nterflow. 

Slope--Where  the  slope  of  the  wetland  is  less  than  that  of  the  river, 
flood  waters  may  be  delayed  and  desynchronized. 

Roughness — Dense  vegetation  and  undulating  topography  reduce  velocity 
of  flood  waters. 

Procedures  and  Methodologies — 

The  following  simple  procedural  system  is  proposed  for  screening  river¬ 
ine  wetlands  as  potential  areas  for  flood  water  storage  and  damage  reduction 
(see  Table  10). 

Lacustrine  Wetlands 


General  Criteria — 

Lacustrine  wetlands  appear  to  have  a  role  in  protecting  lakeshore  pro¬ 
perty  similar  to  the  role  of  marine  and  estuarine  wetlands  in  protecting 
coastal  property.  In  particular,  wetlands  associated  with  lakes  that  have 
influent  and  effluent  streams,  can  markedly  reduce  storm  crests. 


-  „  t 

1 

cn 

C 

T3 

1  1 

>> 

| 

5 

C 

<U  -O 

JC 

0  -a 

03 

>  3 

4-> 

CJ 

"O  03 

r— 

CO  CT 

C 

03 

CL 

4-4 

S_  c 

03 

O 

r— 

>  0 

03 

O  >1  ■>- 

C 

u  • 

03 

f—  r— 

5 

1—  4-> 

03 

Q.  5- 

•r* 

♦r-  a; 

■  *  *r—  tB 

E 

CL  03 

4-> 

i-  > 

c 

»«  L.  O  • 

5- 

03  > 

c 

tv  <v 

•*“ 

O  *B  r—  t/1 

03 

•r— 

<v 

E  “O 

m  E  4-  qj 

Q. 

03  U 

4-4 

*»— 

c 

\/  -r-  •!- 

Q. 

o 

S-  E 

•1” 

$-  -0  0 

•  A 

O 

Q- 

CL  O 

<n 

C  CL  C  (U 

4->  • 

r—  O 

u 

03 

0  03  a. 

03  -O 

in 

in  <4- 

-Q 

•f-  c  CO 

03  03 

4-4 

o 

~o 

4->  O  4-> 

Cl  4-3 

“O  03 

—I 

c  E 

<4- 

IB  •!-  C  T3 

03 

C  JC 

03  ra 

• 

O 

4->  4->  <U  0) 

A  L 

03  4-> 

i —  03 

tv 

0)  IB  O  > 

>)  =5 

4->  S- 

03 

** 

CO  4-1  S_  03 

03  4-> 

4-4  CD 

<D  4-> 

U 

lO 

ai  ai  cj  aj 

r—  <V 

03  C 

3:  m 

03 

v/ 

>  ao  e  <— 

O  cn 

3  **- 

, 

1 

1  • 

4-> 

u 

u  in 

03 

^  0) 

13  *r- 

3 

O  E 

4->  cn 

ro  3j 

03 

C 

A 

in 

•r— 

>> 

>>-0 

A  f  ™ 

C 

+4  0 

4->  <B 

E 

•p— 

•r-  O 

r—  C 

13  ; 

cn 

cn  * 

M-  O 

•r— 

03 

c  1 

CO  CO 

T3 

03  C 

<B 

a; 

T3  O 

«  QJ 

2: 

4- 

C 

CO  CO 

0 

c 

E 

0  >> 

(B  <B 

** 

•r—  r— 

O 

0 

4->  -r- 

. —  e 

fl  L  • 

0 

cn 

4->  03  cn 

>i 

0  *CJ 

03  E  4-> 

4->  -a 

4->  C 

cn-r-  c 

r-  QJ 

03 

03  S-  03 

■1-  4-> 

LT>  r- 

>  CL  CD 

LO  <B 

cn 

•  A 

>1  e 

-0 

-a 

$_  0 

c 

■ 

a  Q3 

m 

<b  u 

03 

O  IB 

in  4-> 

in 

+->  >+- 

r— 

CO  4-1 

r—  03 

>> 

03 

r— 

4-> 

/\  0J 

•r-  t- 

T3 

tv 

e 

03 

CT 

O  3 

C 

•r* 

•r-  IB 

3 

>>  aj 

cn  4-> 

03 

4-> 

V-  a> 

4J  > 

03 

in 

u 

C 

+-> 

• 

C 

•r* 

03  in 

3 

<u 

+j 

in 

•r— 

CO  >, 

A 

E  • 

4-4 

Cl  CO 

03 

c  -a 

-O  >* 

in 

"O 

0 

C  O- 

03 

C 

QJ  0 

<0  r— 

“O 

03  OJ 

CL 

O  3 

S- 

•r— 

T3  O 

03  4-4 

c 

CL  JD 

r— 

03 

cn 

» 

E  c 

03 

O 

-c 

<a  i- 

03 

c 

U  03 

in 

•—  S-. 

cn 

,  0 

JQ 

0  >, 

03  3 

in  <u 

•r“ 

1  to 

03 

•r*  r“* 

CL  (T 

A 

> 

IC 

T3  <0 

0. 

4— 

4->  *r- 

03 

cn 

*3  -r- 

e  e 

0 

O 

03 

>>.C 

• 

C  i- 

<b  <a 

4->  03  • 

r-  M— 

03 

in 

<v 

qj 

a> 

** 

O  E  C 

-C 

> 

E 

i—  c 

+j  i- 

> 

O 

CD  •»-  O 

CD  4-4 

03 

IB 

4->  03 

<U  +J 

0; 

03  t.  *r- 

•r-  O 

&- 

O 

03  -C 

3  CO 

-0 

A 

>  CL  4-> 

3Z  c 

CD 

r-~ 

3  4-4 

>3 

4-> 

•f— 

in 

cn 

03 

.a 

c 

03 

-C 

ro 

% 

03 

CD 

•r- 

e 

3 

i- 

u 

O 

03 

03 

CC 

-M 

a. 

•r- 

e 

t- 

“O 

0 

O 

c 

c 

•r- 

0 

03 

4-4 

•r“ 

lO 

4-) 

<n 

4-4 

03 

fO 

03 

r— 

03 

Q. 

O 

fSI 

•r- 

CD 

O 

O 

O 

03 

rmm 

CO 

O0 

> 

U1 

Persistent,  strong  wind  lengthwise  of  a  lake,  piles  water  up  and  initi¬ 
ates  rocking  of  the  water  body,  causing  waves  known  as  seiches.  Seiches 
achieve  heights  of  less  than  3  feet  on  most  of  the  Great  Lakes  but  on  Lake 
Erie  an  8.4  foot  seiche  at  Buffalo  is  on  record.  Seiches  occasionally  do 
considerable  damage  to  marshes  and  lakeshore  property  by  inundation  and  wave 
action. 

Lacustrine  wetlands  receive  water  from  lake  flooding  and  this  water  can 
drain  back  into  the  lake  as  the  lake  level  is  reduced. 

Flood  control  is  provided  by  forested  swamps  which  surround  many  of  the 
lakes  in  Florida. 

Criteria  that  can  be  applied  to  determine  the  potential  of  lacustrine 
wetlands  to  protect  lakeshore  property  from  flood  damages  are  listed  below. 

Location- -Wet lands  located  adjacent  to  low-lying  developed  shore  pro¬ 
perty  that  are  subject  to  wind  driven  waves  or  seiches  can  limit  the  impact 
of  floods.  Also,  wetlands  located  along  a  stream  or  river  channel  can  store 
and  desynchronize  flood  peaks. 

Si ze — The  wetlands  should  constitute  a  large  enough  area  to  reasonably 
act  as  a  barrier  to  the  waves  and  seiches. 

Permeabi 1 ity — Highly  permeable  soils,  and  deep  or  fluctuating  water  ta¬ 
bles  provide  storage  and  thereby  reduce  flood  potentials. 

Slope--A  gentle  slope  away  from  the  developed  property  toward  the 
source  of  flood  flows  reduces  flooding  potential. 

Roughness — A  wetland  covered  with  dense  undergrowth  or  undulatii  g  topo¬ 
graphy  has  a  greater  impact  on  flooding  than  a  relatively  open,  flat  area. 

Procedures  and  Methodology-- 

A  simple  procedure  for  screening  lacustrine  wetlands  as  to  their  flood 
damage  reduction  potential  follows  in  Table  11. 

Palustrine  Wetlands 


General  Criteria-- 

Palustrine  wetlands  provide  flood  storage  to  the  extent  of  their  basin 
capacity  and  control  outflow  of  these  waters  through  underlying  soils  to  the 
extent  of  their  permeabi 1 ity.  Much  of  this  water  is  consumed  by  evapotrans- 
pi ration  and  does  not  enter  a  stream  system.  They  are  important  flood  stor¬ 
age  areas  if  the  alternative's  to  drain  them,  because  they  then  contribute 
directly  to  the  stream  system  and  flood  flows. 

Criteria  for  evaluation  of  flood  storage  and  damage  reduction  effects 
of  palustrine  wetlands  are  somewhat  different  than  for  other  wetlands. 
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TABLE  11.  EVALUATION  OF  LACUSTRINE  WETLANDS  -  STORM  AND  FLOOD  WATER  STORAGE 
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gravels,  sands,  sandy 
loams . 


Location- -Wet lands  located  in  the  upstream  area  of  a  system  having  a 
highly  developed  downstream  floodplain  will  reduce  flood  impacts. 

Si ze--Al though  palustrine  wetlands  are  individually  small,  the  cumula¬ 
tive  size  of  all  the  wetlands  in  a  basin  can  be  significant.  Where  the  to¬ 
tal  constitutes  a  significant  part  of  the  drainage  area  of  the  basin,  these 
wetlands  can  store  flood  waters  and,  through  evapotranspirtation,  interflow, 
and  to  a  lesser  extent  groundwater  recharge,  limit  the  impact  of  a  storm 
event. 

Permeabi 1 ity--Underl vinq  soils  that  are  relatively  permeable  and  wet¬ 
lands  which  are  usually  dry  and  well -drained  prior  to  flood  season  reduce 
flooding. 


Slope--Not  applicable. 
Roughness — Not  applicable. 
Procedures  and  Methodologies-- 


The  role  of  palustrine  wetlands  resembles  that  of  a  reservoir,  as  con¬ 
trasted  with  the  overland  flow  retention  of  other  wetlands.  Criteria  for 
screening  palustrine  wetlands  is  somewhat  different  than  those  for  other 
wetlands.  It  has  not  been  determined  whether  these  wetlands  offer  any  ad¬ 
vantage  for  this  function  over  other  similar  areas.  Studies  indicate  that 
the  value  of  vegetation  and  wetlands  in  general  may  have  been  over  estimated 
and  that  the  reservoir  effect  can  be  found  in  other  open  areas.  Table  12 
outlines  a  general  approach  that  can  be  used  to  evaluate  palustine  wetlands. 

RESEARCH  NEEDS 


The  comprehensive  research  program  outlined  in  the  previous  chapter. 
Groundwater,  was  meant  to  pertain  to  this  chapter.  The  aim  of  the  program 
is  to  obtain  data  on  the  total  hydrologic  cycle;  including  surface  and 
groundwater  relationships,  responses  to  storm  events,  the  various  influences 
of  vegetation  on  the  hydrologic  regime  and  other  factors. 

As  a  result  of  a  seminar  series  in  1979  concerning  Emerging  Issues  in 
Wetland/Floodplain  Management,  the  Water  Resources  Council  identified  a  gap 
in  research  between  water  program  management  agencies  and  basic  research 
agencies.  Several  priority  research  items  are  not  being  addressed  because 
they  are  too  management  oriented  to  be  funded  by  basic  research  agencies  and 
too  basic  to  be  funded  by  program  management  agencies. 

The  priority  research  items  which  are  not  currently  being  adequately 
addressed  because  they  fall  between  basic  research  and  management  oriented 
research  have  been  identified  by  the  Water  Resources  Council,  as  follows: 


•  Wetland/Flooding  Interrelationships  -  Investigations  should  include 
wetland/f lood  storage  values,  relationships  of  wetlands  to  regula¬ 
tory  floodways,  importance  of  wetlands  in  reduction  of  coastal  storm 
damages,  and  the  effects  of  pothole  drainage  and  diking  of  areas, 
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etc.  The  implications  of  changes  both  on  and  off  of  floodplains  and 
wetlands  should  be  further  investigated; 

•  Wetland  and  floodpl ain/pollution  control  interrelationships; 

•  Wetland  and  floodplain/groundwater  recharge  and  water  quantity  in¬ 
terrelationships; 

•  Spatial  interrelationships  of  wetlands  and  floodplains,  including 
the  relationship  of  these  areas  to  broader  systems; 

•  Rapid  and  inexpensive  techniques  for  assessing  wetland  and  flood- 
plain  values  and  hazards,  including  the  suitability  of  areas  to  par¬ 
ticular  uses  and  their  sensitivity  to  uses; 

•  Improved  techniques  for  evaluating  short-term  and  long-term  project 
impacts  and  impacts  of  uses  such  as  agriculture; 

•  Improved  technology  for  wetland  and  floodplain  mapping  and  other 
data  gathering  and  forestry; 

•  Improved  techniques  for  dealing  with  existing  uses  in  floodplain 
areas;  and 

•  Evaluation  of  wetlands  and  floodplain  management  techniques  in  the 
context  of  national  resource  needs,  such  as  minimizing  energy  use 
and  minimizing  the  number  of  capital-intensive  resource  uses. 

Priority  research  specifically  relating  to  flood  storage  and  discussed 
at  the  Council  seminar  included; 

•  Additional  studies  to  determine  the  important  of  wetlands  as  flood 
storage  areas,  flood  conveyance  areas,  and  retardants  to  storm  surge 
or  wave  action  (coastal  areas).  Buildings  upon  the  work  of  Novit- 
zki.  Carter,  and  others,  these  studies  would  include  both  an  evalua¬ 
tion  of  the  hazard  reduction  potential  for  particular  types  of  wet¬ 
lands  and  the  development  of  rapid  field  techniques  for  estimating 
the  importance  of  specific  wetlands.  Techniques  for  estimating  in¬ 
dividual  and  cumulative  importance  and  the  impact  of  uses  should  al¬ 
so  be  developed. 

t  Studies  to  compare  various  wetland  definitions  with  various  frequen¬ 
cies  of  flooding.  Although  it  does  not  appear  practical  to  define 
wetlands  in  relationship  to  the  100  year  floodplain,  it  may  be  pos¬ 
sible  to  use  1  or  2  year  flood  boundaries.  Conversely,  wetland  veg¬ 
etation  might  be  used,  in  some  instances,  as  a  reliable  indicator  of 
flooding  at  that  frequency. 

•  A  specific  research  need  for  functional  area  is  identification  of 
roughness  coefficients  of  vegetation  as  related  to  species,  stand 
density,  and  morphology.  Manning's  n  (the  roughness  coefficient) 
should  be  determined  for  different  vegetation  types.  More  research 
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SHORELINE  PROTECTION 


INTRODUCTION 

Shoreline  protection  function  of  wetlands  has  been  defined  in  this 
study  as  the  shielding  by  wetlands  of  natural  shorelines,  coasts,  and  chan¬ 
nels  from  wave  action,  erosion,  or  storm  damage,  through  dissipation  of  wave 
energy  and  storm  surges.  Protection  may  be  proffered  through  vegetational 
cover,  areal  extent,  fetch,  offshore  topography  and/or  related  human  activi¬ 
ties,  and  development. 

Many  of  the  factors  contributing  to  shoreline  protection  are  not  unique 
characteristics  of  wetlands.  Areal  extent  and  favorable  topographies  can  be 
found  in  non-wetland  areas. 

This  function  is  potentially  most  significant  among  wetlands  fringing 
high  energy  exposed  shorelines  and  coasts  but  may  also  be  significant  in 
large  lakes  and  riverine  environments.  A  distinction  between  shoreline  ero¬ 
sion  control  and  hurricane/storm  protection  of  inland  areas  has  not  been 
made  in  the  Corps*  regulations  or  in  this  literature  search;  both  aspects  of 
shoreline  protection  have  been  included  in  this  potential  function  of  wet- 
1 ands. 

DATA  BASE 

Description  of  Relevant  Literature 

Eighteen  publications  which  addressed  the  shoreline  protection  function 
of  wetlands  were  identified  and  reviewed.  Table  13  displays  a  summary  of 
these  documents.  Virtually  no  relevant  quantitative  information  was  report¬ 
ed,  only  qualitative  discussion.  Inspection  of  Table  13  leads  to  the  fol¬ 
lowing  observations: 

t  Of  the  18  articles,  16  were  directed  to  salt  water  systems,  and  two 
discussed  both  salt  and  freshwater  marshes; 

•  Wetland  areas  examined  included  salt  and  freshwater  marshes,  a  man¬ 
grove  swamp,  bays,  estuaries,  and  lagoons; 

•  The  bulk  of  research  was  centered  throughout  the  southern  Atlantic 
Coast  of  the  U.S.  with  additional  studies  from  the  Bahamas,  Hawaii, 
the  Great  Lakes,  and  the  Western  Pacific  region; 

•  The  two  major  vegetation  types  discussed  were  salt  marsh  grasses  and 
mangroves.  In  both  cases,  effectiveness  of  the  plants  for  shoreline 
protection  was  attributed  to  the  combined  actions  of  the  root  sys¬ 
tems  in  stabilizing  sediments  and  the  aerial  parts  in  forming  a  mass 
which  serves  to  dissipate  wave  energy;  and 

•  There  was  some  conflict  of  opinion  over  the  effectiveness  of  the 
mangrove  for  shoreline  protection;  some  researchers  (Carlton,  1974) 
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suggested  that  they  affect  only  the  rate  of  erosion  or  deposition 
rather  than  direction,  while  others  (Teas,  1977)  cited  examples  of 
successful  erosion  control  through  planting. 

Discus si  on 


The  majority  of  the  information  reviewed  described  shoreline  protection 
functions  on  marine  and  estuarine  wetlands.  Very  little  of  the  data  dealt 
with  riverine  wetlands  or  lacustrine  and  palustrine  wetlands.  Palustrine 
wetlands  do  not  have  enough  fetch  to  support  the  type  of  wave  action  that 
could  contribute  to  shoreline  erosion. 

Little  quantitative  data  were  found  that  related  to  the  shoreline  pro¬ 
tection  function  of 'wetlands.  The  bulk  of  information  focused  on  man-made 
protective  structures;  however,  repeated  reference  was  made  to  the  effec¬ 
tiveness  of  wetland  vegetation  in  absorbing  wave  energy,  in  acting  as  a 
storm  buffer,  and  in  stabilizing  sediments  against  erosion. 

The  success  of  shoreline  protection  through  wetlands  vegetation  was 
seen  as  being  dependent  on  a  number  of  factors  including  bank  height  and 
composition,'  and  wave,  current,  or  boat-wake  energy.  The  general  tenor  of 
the  literature  reviewed  was  that  in  many  cases  erosion  control  through  vege¬ 
tation  establishment  compared  with  equivalent  costs  and  environmental  im¬ 
pacts  of  man-made  protective  structures. 

Shabman  and  Batie  (1979)  could  find  no  evidence  that  wetlands  provided 
any  more  protection  than  fastland.  Their  findings  did  indicate,  however, 
that  wetlands  occur  in  areas  with  low  erosion  potentials.  They  go  on  to 
state  that  this  may  explain  the  common  observation  that  where  wetlands 
exist,  there  is  often  little  erosion.  However,  they  state,  this  is  not  be¬ 
cause  wetlands  provide  superior  erosion  protection,  but  rather  they  exist 
where  erosion  forces  are  minimal. 

There  is  a  general  lack  of  quantitative  data--especially  for  the  palus¬ 
trine  and  lacustrine  and,  to  a  lesser  degree,  riverine  wetlands.  Moreover, 
some  investigators  could  fined  no  evidence  that  wetlands  provided  erosion 
protection.  Because  of  the  lack  of  data,  ranking  of  wetland  types,  criteria 
development,  and  development  of  specific  methodologies  and  approches  must 
rely  to  a  greater  extent  on  the  reviewer/eval uator' s  subjective  judgment. 

Wave  action  is  one  of  the  primary  forces  which  cause  erosion.  Waves 
can  be  propagated  from  normal  tidal  action,  the  wind,  storm  surge,  and  boat 
wakes.  Obviously,  the. larger  the  waves,  the  more  energy  they  contain.  When 
the  waves  break  up  in  shallow  water  or  against  the  land,  they  release  their 
energy.  This  release  causes  turbulence  which  in  turn  erodes  or  tends  to 
erode  the  soil.  The  mechanics  of  wave  action  have  been  wel  1 -documented  in 
the  literature.  s 

Currents  in  streams,  rivers,  estuaries,  and  coastal  waters  are  another 
cause  of  erosion.  Velocities  great  enough  to  scour  away  soil  are  common. 
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The  conditions  which  create  these  scouring  velocities  may  be  present  contin¬ 
uously  or  only  in  high  energy  situations  such  as  during  storms  or  spring 
run-off. 

The  above  two  factors  represent  the  cause  of  the  majority  of  erosion, 
although  other  factors  cause  small  amounts  of  erosion  in  and  near  wetlands. 

DEVELOPMENT  OF  CRITERIA 

Evaluation  of  wetlands  can  best  be  accomplished  by  evaluating  the  spe¬ 
cific  criteria  which  affect  their  capability  to  provide  shoreline  protec¬ 
tion.  Many  of  these  criteria  are  common  to  all  types  of  wetlands.  Each  of 
the  criteria  will  be  discussed  in  this  section.  In  addition,  sources  of  in¬ 
formation  that  can  be  useful  in  developing  data  for  the  various  criteria  are 
also  discussed. 

Existing  Conditions — One  of  the  first  steps  in  evaluating  wetlands  is 
to  determine  the  existing  conditions  with  respect  to  erosion.  Erosion  of 
the  wetland  and/or  adjacent  area  will  be  an  indication  of  the  wetland's  pre¬ 
sent  role.  Absence  of  erosion  could  indicate  two  conditions.  The  first 
would  be  that  high  energy  conditions  are  not  occurring  and  therefore  not 
causing  erosion.  The  second  condition  could  be  that  the  wetland  is  effec¬ 
tively  preventing  erosion,  even  though  erosion  conditions  are  occurring.  In 
any  event,  evaluation  of  other  factors  and  criteria  will  be  necessary.  How¬ 
ever,  this  information  will  impact  the  manner  in  which  additional  data  will 
be  obtained. 

Aerial  photographs  can  be  used  extensively  to  delineate  boundaries  of 
wetlands  as  well  as  defining  areas  where  erosion  may  be  occurring.  These 
aerial  photographs  can  be  obtained  at  county  or  town  offices,  the  U.S.  Geo¬ 
logical  Survey,  the  Soil  Conservation  Service,  and  in  some  instances,  the 
Coastal  Zone  Management  Division  of  State  Planning  Offices.  Following  re¬ 
view  of  the  photographs,  on-site  inspections  should  be  undertaken  to  deter¬ 
mine  whether  erosion  has  occurred.  Local  extension  offices  as  well  as  the 
Soil  Conservation  Service  can  be  used  to  provide  this  service. 

In  conjunction  with  this  and  other  criteria,  the  climatological  data 
should  be  analyzed.  This  will  indicate  the  frequency  and  intensity  of 
storms,  which  will  be  a  general  indicator  of  flooding  (high  energy)  condi¬ 
tions.  At  the  same  time,  the  U.S.  Coast  Guard,  the  Corps  of  Engineers,  and 
local  meteorological  agencies  can  provide  data  on  flood  levels. 

Extent  and  Type  of  Vegetation--Once  the  area  of  the  wetland  has  been 
defined,  an  attempt  should  be  made  to  characterize  the  wetland  with  respect 
to  the  types  of  vegetation  present  and  the  area  covered  by  each.  The  broad 
types  of  vegetation  to  be  concerned  with  are: 

•  Shrubs  and  arboreal  species; 

•  Non-woody  emergents;  and 

•  Submergents  and  floating  leaved  species. 
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The  relative  percentage  of  each  type  of  vegetation  will  indicate,  on  a 
broad  level,  the  amount  of  protection  available.  Trees  and  shrubs  will  pro¬ 
duce  significant  reductions  in  wave  air  current  energy,  while  submergents 
will  have  little  impact.  Obviously,  a  highly  vegetated  area  will  provide 
more  protection  than  a  sparsely  vegetated  area. 

Information  on  the  extent  and  type  of  vegetation  may  be  obtained  by  on¬ 
site  inspections  by  qualified  personnel  from  local  universities  and  appro¬ 
priate  state  and  federal  agencies.  Actual  extent  and  density  of  the  various 
types  of  vegetation  can  be  determined  by  field  checks  and  use  of  aerial  pho¬ 
tography.  Maps  and  overlays  can  be  developed  to  show  the  relationship  be¬ 
tween  vegetation  types  and  their  locations. 

Soil  Type--Soil  texture  and  structure  affect  the  rate  of  erosion.  In 
general ,  erosion  is  least  in  areas  with  clay  and  organic  soils  and  increases 
with  silts,  loams,  and  sands.  Soil  data  is  available  from  SCS  soil  maps, 
local  extensions  of  the  SCS  and  local  universities. 

Frequency  of  Inundation--Erosive  conditions  are  almost  always  present 
during  periods  of  flooding.  The  frequency  of  flooding  will  be  a  measure  of 
the  real  or  potential  damage.  A  wetland  which  is  inundated  frequently  but 
is  experiencing  little  or  no  erosion  may  be  providing  a  valuable  service.  A 
wetland  which  is  eroding  under  similar  circumstances  may  also  be  performing 
a  valuable  service--especial ly  if  one  considers  the  damage  that  might  occur 
to  surrounding  areas  if  the  wetland  were  removed.  A  wetland  which  is  rarely 
if  ever  flooded  is  not  as  valuable  as  one  which  is. 

As  mentioned  previously,  the  frequency  of  inundation  can  be  determined 
by  obtaining  records  from  the  U.S.  Coast  Guard,  the  U.S.  Geological  Survey, 
the  Corps  of  Engineers,  and  local  universities.  In  addition,  floodplain 
mapping  may  be  available. 

Location  and  Elevation  of  the  Wetland--The  location  and  elevation  of  a 
wetland  relative  to  water  bodies  with  erosive  power  are  important  factors  in 
erosion  control.  Specifically,  the  bank  height  and  the  vertical  distance 
between  the  elevation  of  the  top  of  the  bank  and  that  of  the  mean  storm  high 
water  determine  the  extent  of  erosion  control  afforded.  Greater  elevations 
tend  to  minimize  offsite  erosion.  The  slope  of  the  wetland  basin  also  may 
contribute  to  the  control  of  erosion,  with  greater  slopes  affording  more 
protection. 

The  location,  elevation,  and  slope  of  wetlands  can  be  determined  from 
7.5  minute  topographic  quadrangle  maps  available  from  USGS  or  through  visual 
inspection. 

Fetch — Fetch  is  defined  as  the  distance  over  which  wind  can  be  directed 
across  an  open  body  of  water  unimpeded.  Wave  action  is  a  function  of  this 
distance.  Larger  distances  {'fetches)  create  larger  waves  which  in  turn  have 
higher  potential  erosive  energy.  Correspondingly,  shorter  fetches  drive 
smaller  waves  which  have  less  energy.  A  wetland  located  in  an  area  with  a 
high  fetch  is  potentially  more  valuable  than  one  located  in  a  short  fetch. 
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Again,  by  using  aerial  photographs,  and/or  large  scale  maps  (such  as 
7.5  minute  quadrangles)  fetch  can  be  determined  easily.  Climatological  da¬ 
ta,  particularly  a  wind  rose,  can  indicate  wind  direction  frequencies  and 
areas  most  susceptible  to  wind  action. 

Bottom  Roughness — Wave  decay  over  flooded  areas  is  determined  to  a 
large  extent  by  bottom  roughness.  Uneven  topography,  extensive  vegetation, 
and  other  frictional  factors  can  contribute  to  dampening  wave  energy,  and 
thus  limit  the  erosive  power  of  wave  actions  on  near  shore  areas. 

Bottom  roughness  may  not  be  readily  apparent.  It  is  best  determined  by 
on-site  inspection.  If  the  wetland  is  only  intermittently  flooded,  it  may 
be  discernible  from  US6S  topographic  maps  or  aerial  photographs. 

Cultural  Development--Another  factor  which  must  be  considered  is  the 
value  of  the  property  which  a  wetland  protects.  That  value  is  a  function  of 
the  population  density,  the  type  of  development,  and  the  assessed  value  of 
buildings  and  land.  A  wetland  protecting  a  highly  developed  area  will  be 
potentially  more  valuable  than  a  wetland  protecting  rural  land.  This  cri¬ 
teria  will,  by  nature,  be  highly  subjective. 

Housing  densities  can  be  determined  from  aerial  photographs,  zoning 
maps,  assessor's  maps,  or  actual  field  checks.  Property  value  can  be  deter¬ 
mined  from  the  assessor's  records  as  well. 

To  determine  the  relative  value  of  the  five  types  of  wetlands,  we  must 
look  at  a  number  of  determinant  factors  such  as: 

•  The  frequency  with  which  high  energy  situations  occur  and  affect  a 
given  wetland  type; 

•  The  relative  role  which  the  various  wetland  types  play  in  preventing 
erosion;  and 

•  The  impact  to  adjacent  properties  if  erosion  occurs. 

A  summary  of  the  results  of  the  evaluation  is  shown  in  tabular  form 
(Table  14).  A  review  of  that  table  shows  that  marine  and  estuarine  wetlands 
are  the  most  valuable.  Riverine  wetlands  are  the  next  most  valuable.  La¬ 
custrine  and  palustrine  wetlands  are  the  least  valuable. 

Procedures  and  Methodologies 

The  data  base  does  not  permit  development  of  specific  assessment  metho¬ 
dologies  for  the  various  types  of  wetlands  indi vidual ly.  However,  a  general 
division  between  wave  erosion  (most  prevalent  in  lacustrine,  estuarine  and 
marine  systems)  and  flood-induced  erosion  (most  frequently  associated  with 
the  riverine  wetlands)  is  possible.  Accordingly,  Tables  15  and  16  present 
methods  appropriate  for  evaluating  these  wetlands. 


locat ion/Elevation  of  Wetland  Bank  height  exceeds  elevation  Bank  height  approximately  equals  Bank  height  is  less  than 

of  mean  storm  high  water  mean  storm  high  water  mean  storm  high  water 


Any  attempt  to  reduce  the  subjectiveness  of  the  evaluation  process  is 
difficult  without  more  data.  The  limited  amounts  of  research  for  this  func¬ 
tion  of  wetlands  precludes  any  attempt  at  quantifying  the  evaluation  pro¬ 
cess.  Again,  intuitive  engineering  judgement  must  be  relied  upon. 

Evaluation  of  a  wetland  for  shoreline  protection  by  the  above  methods 
will  enable  an  evaluator  to  come  up  with  a  qualitative  judgement.  With  ex¬ 
perience  and  further  research,  ultimate  determinations  of  relative  value 
will  reflect  actual  conditions. 

RESEARCH  NEEDS 

Obviously,  the  state-of-the-art  of  quantifying  the  nature  and  extent  of 
shoreline  protection  offered  by  wetlands  is  not  well  advanced.  Very  little 
actual  quantitative  information  exists.  Information  that  could  be  developed 
to  help  with  this  evaluation  procedure  would  include: 

•  Investigation  of  wetlands  to  obtain  the  relationship  of  frequency 
and  intensity  of  flooding,  to  the  extent  of  fetch; 

•  Investigation  of  wetlands  to  obtain  the  relationship  between  erosion 
occurrence  and  the  density  of  vegetation; 

•  Investigation  of  wetlands  to  determine  the  relationship  between  ero¬ 
sion  occurrence  and  the  extent  of  flooding  relative  to  the  cross 
section  of  the  wetland;  and 

•  Investigation  of  wetlands  to  establish  relationships  between  the  oc¬ 
currence  of  erosion  and  the  frequency  of  flooding. 

The  areas  of  investigation  should  be  performed  for  all  five  types  of 
wetlands  with  emphasis  on  marine,  estuarine,  and  riverine  types. 

Again  the  research  and  findings  should  be  integrated  into  the  total  hy¬ 
drologic  regire.  Thus,  efforts  for  this  function  should  compliment  research 
performed  for  the  other  functional  areas.  Moreover,  areas  of  overlap,  such 
as  analysis  of  vegetation  distribution  within  wetland  types,  should  be  con¬ 
ducted  without  repetition.  This  approach  would  be  facilitated  by  a  single 
sponsoring  agency  as  part  of  a  carefully  planned  and  administered  research 
program. 
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SUMMARY  AND  CONCLUSIONS 


The  purpose  of  this  study  was  to  develop  procedures  and  methodologies 
that  could  be  used  to  assess  the  value  of  wetlands  in  performing  four  func¬ 
tions:  water  quality  improvement;  groundwater  recharge; /flood  water  stor¬ 
age;  and  shoreline  protection.  The  procedures  and  methodologies  were  to  be 
used  by  U.S.  Army  Corps  of  Engineers  district  offices  in  conjunction  with 
permitting  activities  under  Section  404  of  the  Clean  Water  Act. 

Existing  studies  were  reviewed,  and  based  on  this  data  factors  that 
contributed  to  a  wetland's  ability  to  perform  the  indicated  function  were 
identified.  The  literature  search  was  exhaustive,  employing  an  extensive 
review  of  journals,  research  projects  in  progress,  texts,  and  other  publica¬ 
tions.  The  tools  employed  included  computerized  data  bases,  containing  5.3 
million  literature  citations.  Of  these,  1,400  met  the  selection  criteria 
and  abstracts  of  these  were  screened  for  relevance  to  the  subject  functions. 
More  than  300  references  remained,  and  the  most  relevant  of  these  were  re¬ 
viewed  in  detail  M  identify  factors  and  criteria  considered  useful  for  as¬ 
sessing  the  four  functional  characteristics  of  wetlands.  Based  on  these 
factors,  criteria  were  identified  to  assist  in  assessing  various  types  of 
wetlands  relative  to  the  functional  areas.  Procedures  and  methodologies 
that  could  be  used  to  apply  these  criteria  to  specific  sites  were  then  de¬ 
veloped. 

Research  in  the  field  to  date  has  not  resulted  in  an  large  data  base. 
Indeed,  data  were  limited;  often  contradictory  or  incomparable;  and--in  the 
main--qual itative.  Thus,  many  of  the  criteria  presented  in  this  study  are 
based  on  qualitative  data  and  subjective  interpretations  of  data.  The  im¬ 
pact  of  each  factor  and  the  relative  weight  assigned  to  these  factors  were 
delineated  based  on  scientific  and  engineering  judgement. 

Finally,  for  each  functional  area,  research  needs  were  identified. "  In 
general,  the  programs  required  were  broad-based  and  comprehensive,  since  re¬ 
search  to  date  has  been  spotty. 

The  results  of  the  investigation  are  summarized  below. 

WATER  QUALITY  IMPROVEMENT 

The  investigation  focused  on  identifying  those  publications  which  con¬ 
tained  either  data  on  the  net  exchange  of  materials  between  wetlands  and 
their  receiving  waters  or  data  on  input-output  studies.  The  literature 
identified  two  distinct  facets  of  water  quality  improvement:  the  first  was 
direct  improvement  of  ambient  water  quality,  and  the  second  was  water  quali¬ 
ty  maintenance  which  included  improvement  of  contributing  water  such  as 
storm  water  or  wastewater. 

* 

A  total  of  34  studies  were  identified.  Of  these  studies,  the  majority 
were  conducted  along  the  Atlantic  Coast,  in  the  northern  mid-west  states, 
and  Louisiana.  Nitrogen  and  phosphorus  were  the  most  commonly  measured 
parameters  in  the  studies,  and  the  natural  flux  studies  focused  on  riverine. 


lacustrine,  and  palustrine  wetlands.  Several  problems  limited  the  useful¬ 
ness  of  the  existing  data  base: 

•  The  data  base  was  small  relative  to  the  geographical  distribution 
and  diversity  of  wetland  types; 

•  Experimental  approaches  and  measured  parameters  varied  among  the 
studies ; 

•  Where  studies  were  comparable,  results  were  contradictory  in  some 
cases;  and 

•  Investigator  bias  often  influenced  the  definition  of  what  constitut¬ 
ed  water  quality  improvement  and  the  interpretation  of  results. 

The  investigation  showed  that  in  some  conditions  water  quality  was  im¬ 
proved  by  wetlands;  the  investigation  found  no  consistent  trend  indicating 
that  one  type  of  wetland  contributed  to  the  water  quality  improvement  func¬ 
tion  more  effectively  than  other  wetland  types.  This  was  a  result  of  both 
the  limitations  of  the  data  base  and  the  influence  of  site-specific  varia¬ 
bles. 

Cri teri  a 


The  following  factors  were  identified  as  having  an  impact  on  water 
quality  improvement: 

•  Type  of  Vegetation  -  vegetation  has  the  capacity  to  assimilate  po¬ 
tential  pollutants.  High  aboveground  biomass  for  an  individual  spe¬ 
cies,  high  plant  stem  density,  high  percentage  of  woody  plants,  and 
high  proportions  of  epiphytic  and  edaphic  plants  favor  pollutant  re¬ 
moval.  Wetlands  with  lower  percentages  of  these  plants  have  a  rela¬ 
tively  lower  potential  for  water  quality  improvement. 

•  Wetland  Size  and  Subareas  -  total  size  and  edge  length  are  important 
criteria.  Larger  wetlands  and  wetlands  with  large  edge  to  surface 
area  ratios  have  higher  potentials  for  water  quality  improvement. 

•  Water  Residence  Time  and  Velocity  -  wetlands  that  afford  longer  res¬ 
idence  times  for  influent  water  have  higher  capacities  for  pollu 
tant  removal.  Similarly,  lower  velocities  permit  greater  removal 
efficiencies. 

•  Hydraulic  Loading  -  although  hydraulic  load  and  pollutant  removal 
efficiency  are  inversely  proportional  ,  higher  hydraulic  loading  per¬ 
mits  greater  improvement  for  wetlands  having  an  equal  capacity  for 
water  quality  improvement. 

•  Wetland  Location  -  proximity  to  existing  sources  of  pollution  deter¬ 
mines  the  relative  value  of  a  wetland  for  water  quality  improve¬ 
ment. 


Research  Needs 


The  report  outlines  a  comprehensive  3-phased  research  program  that  de¬ 
tails  required  areas  of  research.  A  research  program  which  was  aimed  at 
filling  in  research  gaps  was  rejected  since  it  was  felt  that  the  existing 
data  base  was  not  sufficient  to  support  such  an  approach.  Accordingly,  a 
comprehensive  program  designed  to  provide  sufficient  data  to  develop,  cali¬ 
brate,  and  verify  predictive  models  that  could  be  used  by  the  Corps  (and 
other  concerned  agencies)  in  permitting  and  managing  wetlands  was  devel¬ 
oped.  The  program  should  be  carried  out  by  a  single  agency  in  order  to  en¬ 
sure  uniform  testing  and  analysis  and  development  of  a  meaningful,  compara¬ 
ble  data  base. 

GROUNDWATER  RECHARGE 

The  literature  review  focused  on  studies  that  provided  water  budgets 
for  individual  wetlands.  Other  generally  useful  literature  was  also  identi¬ 
fied,  and  16  publications  were  selected  for  in-depth  analysis.  Conclusions 
were  contradictory,  although  the  general  findings  indicated  that  recharge 
was  not  a  common  function  of  wetlands;  rather,  it  was  found  that  under  some 
specific  circumstances,  and/or  on  a  temporary  or  seasonal  basis,  wetlands 
could  recharge  groundwater. 

Criteria 


The  following  criteria  were  identified  as  having  an  impact  on  groundwa¬ 
ter  recharge  by  wetlands: 

•  Soils  -  the  porosity,  permeability,  transmissivity,  and  storage  ca¬ 

pacity  of  underlying  soils  and/or  rock.  Also,  whether  the  soils  are 
mineral  or  organic.  Predominantly  organic  soils  may  not  follow  Dar¬ 
cy's  law,  and  may  have  differential  permeabilities  in  the  horizontal 
and  vertical  direction.  Recharge  potential  is  highest  in  sands  and 
gravels,  and  progressively  lower  in  loams,  fibric  peats,  silts, 

clays,  and  sapric  peats. 

•  Wetland  Size  and  Configuration  -  in  general,  larger  wetlands  and 

wetlands  with  large  edge  to  surface  area  ratios  have  higf.r  poten¬ 
tials  for  recharge. 

•  Evapotranspiration  Rate  -  ET  can  significantly  impact  the  potential 
of  a  wetland  to  recharge  groundwater  or  augment  base  flow.  As  ET 
approaches  potential  ET,  groundwater  recharge  and  base-flow  augmen¬ 
tation  potential  are  reduced. 

•  Vegetation  -  the  type,  age,  and  density  of  vegetation  in  a  wetland 
influences  infiltration,  runoff,  and  ET.  Dense  vegetation  and  high 
proportions  of  woody 'bl ants  inhibit  recharge. 

•  Wet/Dry  Cycles  -  seasonal  or  other  changes  in  the  water  table  and  in 

water  levels  of  the  wetland  enhance  the  potential  for  recharge  by 

increasing  hydraulic  head. 


•  Presence  of  a  Mul ti -Aquifer  System  -  several  aquifers  with  varying 
potentiometric  surfaces  increase  the  potential  for  recharge  by 
increasing  head. 

•  Water  Quality  -  for  some  types  of  wetlands,  TDS  values  may  indicate 
whether  recharge  is  occurring. 

•  Retention  Time  -  longer  retention  times  favor  recharge  for  some  wet¬ 
land  types. 

These  criteria  were  then  applied  to  each  type  of  wetland.  In  general, 
marine  and  estuarine  wetlands  were  identified  as  discharge  areas  and  conse¬ 
quently  contributed  little  to  recharge.  Riverine,  palustrine  and  lacustrine 
wetlands  were  recognized  as  having  some  potential  for  recharge.  A  prelimin¬ 
ary  methodology  for  determining  the  potential  of  a  specific  wetland  site  for 
recharging  groundwater  was  developed. 

Research  Needs 

A  comprehensive  research  program  similar  to  the  one  developed  for  water 
quality  improvement  was  recommended.  It  utilized  a  three-phased  approach 
that  included  initial  data  aquisition;  development  and  refinement  of  predic¬ 
tive  models;  and  detailed,  long-term  studies  for  model  verification. 

STORM  AND  FLOOD  WATER  STORAGE  FUNCTION 

The  storm  and  flood  water  storage  function  of  wetlands  has  been  defined 
in  this  study  as  the  interception  and  detention  of  flood  and  storm  water 
flows  by  wetland  systems.  Temporary  storage  of  storm  or  flood  waters,  which 
otherwise  would  contribute  to  open-channel  flow,  moderates  flow  quantities 
and  reduces  the  damage  potential  of  flood  or  storm  waters,  primarily  through 
reduction  of  overland  flow  velocities. 

Sixteen  publications  were  found  during  the  literature  search  that  con¬ 
tained  some  reference  to  the  storm  and  flood  water  storage  function  of  wet¬ 
lands.  Little  substantive  information  and  no  quantitative  data  were  con¬ 
tained  in  these  studies.  The  following  observations  can  be  made  about  the 
information  base  for  this  wetland  function: 

•  Most  of  the  16  studies  dealt  with  swamps  and  marshes  (both  salt  and 
freshwater);  three  addressed  peatlands;  one  categorized  all  wetlands 
into  four  basic  types  and  discussed  the  attributes  of  each; 

•  Research  was  conducted  primarily  in  the  northeastern  and  north  cen¬ 
tral  United  States,  additional  studies  were  done  in  Louisiana,  Flo¬ 
rida  and  the  U.S.S.R.; 

•  Most  discussions  were'  general  and  focused  on  wetland  types  and  their 
typically  associated  vegetation,  although  one  report  specifically 
analyzed  a  forested  peat  bog  and  one  analyzed  a  cypress-type  flood- 
plain  swamp; 


•  Some  authors  concluded  that  wetlands  act  as  temporary  storage  areas 
which  reduce  flood  peaks  and,  thereby,  lessen  storm  water  damage  po¬ 
tential;  however,  two  researchers  believed  that  wetlands  actually 
increase  flood  flows  because  of  their  extensive  drainage  networks; 
other  investigators  found  that  wetlands  had  ^o  advantage  over  fast- 
1  and; 

•  The  water  storage  capacity  of  wetlands  was  generally  considered  to 
be  a  function  of  the  physical  characteristics  of  the  underlying  ma¬ 
terials  and  the  level  of  the  groundwater  table  at  the  time  of  a 
storm; 

•  Floodplain  storage  was  compared  to  comparable  dam  storage  and  an  an¬ 
nual  benefit  of  $80/acre-year  was  assigned  to  wetland  preservation 
for  flood  control;  and 

•  Two  investigations  related  percentage  of  wetland  in  a  drainage  basin 
to  flood  stage  and  concluded  that  5  percent  of  wetlands  in  a  basin 
can  reduce  flood  peaks  up  to  50  percent;  that  80  percent  reduction 
may  be  obtained  where  wetlands  cover  40  percent  or  more  of  a  basin; 
and  that  a  loss  of  25  percent  of  wetlands  is  likely  to  result  in 
significant  flood  damage. 

Development  of  Criteria 

The  following  criteria  contributing  to  a  wetlands  ability  to  desyn¬ 
chronize  flood  peaks  and  limit  damage  follow: 

t  Area  -  total  area  and  percent  of  drainage  area  in  wetlands;  40  per¬ 
cent  of  a  basin  in  wetlands  can  provide  an  80  percent  reduction  in 
flood  peaks; 

•  Soils  and  Water  Table  -  water  level  at  the  time  of  storm;  where  per¬ 
meable  soils  and  low  water  tables  are  present,  recharge  or  interflow 
can  temporarily  store  storm  water; 

•  Vegetation  -  dense  vegetation  may  desynchronize  flood  peaks; 

•  Roughness  -  undulating  topography  reduces  velocity  of  flood  waters; 
and 

t  Topography  -  long  slopes  and  steep  grades  may  dampen  wave  energy  and 
storm  surges. 

Available  data  was  not  sufficient  to  permit  a  ranking  of  the  general 
wetland  types.  Intuitively,  however,  riverine,  marine,  and  estuarine  wet¬ 
lands  can  all  significantly  contribute  to  this  function,  while  palustrine 
and  lacustrine  wetlands  have  'the  least  value. 

The  criteria  were  applied  to  each  wetland  type  and  subsequently  proce¬ 
dures  and  methodologies  applicable  to  specific  sites  were  developed  for  each 
wetland  type. 


SHORELINE  PROTECTION 


The  shoreline  protection  function  of  wetlands  was  defined  for  this 
study  as  the  shielding  by  wetlands  of  natural  shorelines,  coasts,  and  chan¬ 
nels  from  wave  action,  erosion,  or  storm  damages  through  dissipation  of  wave 
energy  and  storm  surges. 

Eighteen  publications  which  addressed  shoreline  protection  were  review¬ 
ed.  Of  these,  16  were  directed  to  salt  water  systems  and  two  addressed  both 
salt  and  freshwater  marshes.  Although  the  aim  of  the  search  was  to  identify 
quantitative  data,  none  of  the  publications  contained  quantitative  data. 
Discussions  were  qualitative  in  nature. 

•  Wetland  areas  examined  included  salt  and  freshwater  marshes,  a  man¬ 
grove  swamp,  bays,  estuaries,  and  lagoons; 

•  The  bulk  of  research  was  centered  throughout  the  southern  Atlantic 
Coast  of  the  U.S.  with  additional  studies  from  the  Bahamas,  Hawaii, 
the  Great  Lakes  and  the  Western  Pacific  region; 

•  The  two  major  vegetation  types  discussed  were  salt  marsh  grasses  and 
mangroves.  In  both  cases,  effectiveness  of  the  plants  for  shoreline 
protection  was  attributed  to  the  combined  actions  of  the  root  sys¬ 
tems  in  stabilizing  sediments  and  the  aerial  parts  in  forming  a  mass 
which  serves  to  dissipate  wave  energy;  and 

•  There  was  some  conflict  of  opinion  over  the  effectiveness  of  wet¬ 
lands  for  shoreline  protection;  some  researchers  suggested  that  they 
affect  only  the  rate  of  erosion  or  deposition  rather  than  direction, 
while  others  cited  examples  of  successful  erosion  control  through 
planting,  and  still  others  found  that  wetlands  offered  no  advantage 
over  fasti ands  for  this  function. 

Criteria 

In  developing  criteria  for  this  function,  the  first  factor  considered 
was  the  existing  condition;  e.g.,  was  erosion  occurring  presently?  When  ero¬ 
sion  was  not  evident,  two  interpretations  were  possible:  1)  high  energy 
conditions  were  present,  but  the  wetland  was  providing  protection;  or  2) 
erosive  conditions  were  not  present.  When  erosion  was  evident,  the  role  of 
the  wetland  in  minimizing  the  extent  of  erosion  was  important,  but  to  a 
lesser  degree.  Having  considered  the  existing  conditions,  the  following 
criteria  were  considered: 

•  Extent  and  Type  of  Vegetation  -  shoreline  protection  is  favored  by 
dense  vegetation,  shrubs,  and  arboreal  species.  Non-woody  emergents 
and  submergents  provide  successively  less  protection. 

•  Soils  -  in  general,  erosion  protection  is  highest  in  clays  and  or¬ 
ganic  soils,  and  decreases  with  silts,  loams,  and  sands. 
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•  Frequency  of  Inundation  -  wetlands  that  experience  frequent  flooding 
have  higher  potentials  for  erosion  control. 

•  Location  and  Elevation  of  Wetland  -  greater  bank  heights  and  larger 
elevation  differences  between  the  top  of  the  bank  and  storm  high  wa¬ 
ter  tend  to  minimize  erosion. 

•  Fetch  -  fetches  exceeding  5  miles  can  produce  significant  wave  ac¬ 
tion,  and  consequently,  signficantly  higher  shoreline  erosion. 

•  Bottom  Roughness  -  uneven  topography  and  other  conditions  contribut¬ 
ing  to  wave  decay  can  limit  shoreline  erosion. 

•  Cultural  Development  -  higher  building  density  and  high  land  values 
increase  the  potential  for  this  function. 

Research  Needs 

The  primary  need'  identified  was  the  development  of  a  data  base  contain¬ 
ing  quantitative  information  for  this  function.  Specifically,  the  following 
information  would  be  useful: 

•  Relationships  of  flood  frequency  and/or  shoreline  damage  to  the  ex¬ 
tent  of  fetch; 

•  Type  and  density  of  vegetation  and  extent  of  erosion; 

•  Erosion  and  extent  of  flooding  relative  to  wetland  cross  section; 
and 

«  Degree  of  protection  afforded  by  a  wetland  relative  to  its  size  and 
position  in  the  floodplain. 
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